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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

This  invention  relates  to  valve  system  for  controlling 
valve  opening  in  multiple  steps,  and  more  particularly  to 
a  multiple  step  valve  opening  control  system  for  ena- 
bling  an  EGR  control  valve  in  adiesel  engine  of  a  vehicle 
to  open  in  multiple  steps. 

Description  of  the  Prior  Art 

As  is  well-known,  some  of  the  exhaust  gases  from 
a  vehicle  engine  are  recirculated  via  an  EGR  control 
valve  to  an  engine  intake  system  in  order  to  reduce  NOx 
in  the  exhaust  gases.  For  this  purpose,  a  diaphragm 
type  actuator  which  is  responsive  to  a  fluid  pressure  is 
extensively  used  to  control  opening  of  the  EGR  control 
valve,  thereby  regulating  the  amount  of  recirculated  ex- 
haust  gasses  in  accordance  with  engine  operating  con- 
ditions. 

However,  such  a  diaphragm  type  actuator  controls 
the  opening  of  the  EGR  control  valve  by  regulating  the 
fluid  pressure  (usually  compressed  air  pressure  or  neg- 
ative  pressure)  acting  on  a  diaphragm,  so  that  it  is  diffi- 
cult  to  reliably  control  the  valve  opening  over  a  long  pe- 
riod  of  time.  Further,  the  actuator  should  be  operated 
under  feedback  control.  This  not  only  complicates  the 
structure  of  the  EGR  control  valve  but  also  causes  the 
valve  opening  to  easily  vary  if  there  are  any  slight  dis- 
turbances. 

Japanese  Utility  Model  Laid-Open  Publication  No. 
Hei  5-047,401  shows  as  defined  by  the  features  of  the 
first  part  of  claim  1  and  discloses  a  multiple  step  EGR 
control  valve  unit  in  order  to  overcome  the  foregoing 
problems  of  the  EGR  control  valve  including  the  dia- 
phragm  type  actuator.  This  EGR  control  valve  unit  can 
reliably  control  its  opening  without  precise  adjustment 
of  the  pressure  of  a  working  fluid  and  complicated  feed- 
back  control. 

Fig.  11  of  the  accompanying  drawings  shows  the 
configuration  of  the  foregoing  EGR  control  valve  unit. 
As  shown,  the  EGR  control  valve  unit  01  includes  a 
housing  02  which  is  interposed  in  an  EGR  passage  (not 
shown),  and  extracts  and  recirculates  some  of  the  ex- 
haust  gases  to  an  engine  intake  system.  The  housing 
02  encloses  a  valve  member  04  and  an  actuator  05.  The 
valve  member  (poppet  valve)  04  is  disposed  in  an  ex- 
haust  gas  passage  03,  and  controls  a  flow  amount  of 
exhaust  gases.  The  actuator  05  is  operably  coupled  to 
a  valve  stem  04',  and  controls  the  opening  or  lift  of  the 
valve  member  04. 

The  actuator  05  includes  a  cylinder  06,  a  first  piston 
07,  and  a  second  piston  08.  The  cylinder  06  is  structured 
so  as  to  be  substantially  coaxial  with  the  valve  stem  04' 
in  the  housing  02.  The  first  piston  07  is  slidably  fitted  in 

the  cylinder  06,  while  the  second  piston  08  is  slidably 
fitted  in  the  first  piston  07,  and  is  coupled  to  the  upper 
end  of  the  valve  stem  04. 

The  first  piston  07  has  a  hollow  cylindrical  member 
5  07a  fitted  in  the  cylinder  06  ,  and  a  piston  member  07b 

which  is  fixed,  using  a  snap  ring  09,  to  an  open  end  of 
the  hollow  cylindrical  member  07a.  The  open  end  is  po- 
sitioned  far  away  from  the  valve  member  04.  A  projec- 
tion  or  stop  010  is  present  at  an  open  end  of  the  cylin- 

10  drical  member  07a,  near  the  valve  member  04,  and  ex- 
tends  from  an  inner  wall  of  the  cylindrical  member  07a 
toward  the  center  of  the  cylindrical  member  07a.  The 
second  piston  08  is  slidable  in  the  cylindrical  member 
07a. 

is  The  housing  02  includes  a  first  intake/exhaust  port 
01  1  at  its  end  opposite  to  the  valve  member  04.  The  in- 
take/exhaust  port  01  1  is  connected  to  a  working  medium 
source  such  as  a  compressed  air  source  via  a  three-way 
solenoid  valve  (not  shown),  and  continuously  commu- 

te  nicates  with  a  first  working  chamber  01  2  defined  by  the 
first  piston  07  in  the  cylinder  06.  A  second  intake/ex- 
haust  port  013  is  on  a  side  wall  of  the  housing  02,  and 
continuously  communicates  with  a  second  working 
chamber  014  defined  by  the  first  and  second  pistons  07 

25  and  08  inthecylinder06.  A  valve  spring  01  5  is  disposed, 
in  a  compressed  state,  between  the  second  piston  08 
and  the  side  wall  of  the  cylinder  06  near  the  valve  mem- 
ber  04,  and  continuously  urges  the  valve  member  04  to 
remain  closed. 

30  Fig.  11  shows  a  state  in  which  the  first  and  second 
intake/exhaust  ports  011  and  013  do  not  receive  any 
compressed  air  but  communicate  with  the  atmosphere. 
In  this  state,  the  valve  member  04  is  completely  closed, 
and  a  clearance  L,  is  present  between  the  stop  010  of 

35  the  first  piston  07  and  a  shoulder  01  6  of  the  cylinder  06. 
The  clearance  L1  defines  a  first  valve  lift  of  the  valve 
member  04  toward  the  valve  stem  04'.  Further,  the  sec- 
ond  piston  08  is  pushed  by  the  valve  spring  015,  and 
comes  into  contact  with  a  projection  or  a  push  rod  017 

40  which  is  integral  with  the  first  piston  07.  Thus,  there  is  a 
clearance  L2  between  the  second  piston  08  and  the  stop 
010,  defining  a  second  valve  lift  of  the  valve  member  04 
toward  the  valve  stem  04'. 

When  compressed  air  is  introduced  into  the  second 
45  working  chamber  012  via  the  first  intake/exhaust  port 

011,  the  first  piston  07  compresses  the  valve  spring  015 
via  the  second  piston  08,  so  that  the  end  of  the  stop  010 
near  the  valve  member  04  is  displaced  to  come  into  con- 
tact  with  the  shoulder  016  of  the  cylinder  06.  Thus,  the 

so  valve  member  04  is  opened  by  a  first  valve  lift  or  open  ing 
corresponding  to  the  clearance  L,  (called  "the  first  valve 
lift  or  opening  L-,),  so  that  an  amount  of  exhaust  gases 
corresponding  to  the  first  valve  lift  L,  will  flow  through 
the  exhaust  gas  passage  03  and  be  recirculated  to  the 

55  intake  system  of  the  engine. 
When  the  compressed  air  is  introduced  into  a  sec- 

ond  working  chamber  014  from  the  second  intake/ex- 
haust  port  013  (while  the  first  intake/exhaust  port  011 
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remains  open  to  the  atmosphere),  the  second  piston  08 
independently  compresses  the  valve  spring  015  and 
displaces  itself  until  it  comes  into  contact  with  the  stop 
010.  In  this  state,  the  valve  member  04  is  opened  by  a 
second  valve  lift  corresponding  to  the  clearance  L2 
(called  "the  second  valve  lift  or  opening  L2),  thereby  re- 
circulating  exhaust  gases  to  the  intake  system  of  the  en- 
gine  in  accordance  with  the  valve  lift  or  opening  L2. 

Further,  when  the  compressed  air  is  introduced  into 
both  the  first  and  second  intake/exhaust  ports  011  and 
013,  both  the  first  and  second  pistons  07  and  08  are 
displaced  toward  the  valve  stem  04'  in  accordance  with 
the  first  and  second  valve  lifts  or  openings  L,  and  L2. 
Therefore,  the  valve  member  04  is  opened  by  a  valve 
lift  or  opening  L3  (=  L-,  +  L2)  . 

It  is  assumed  here  that  a  minimum  valve  lift  or  open- 
ing  of  the  valve  member  04  is  1  mm  and  a  maximum 
valve  lift  is  10  mm,  for  example,  in  accordance  with  op- 
erating  conditions  of  the  engine.  In  the  prior  art  shown 
in  Fig.  1  1  ,  the  minimum  valve  lift  L2  is  1  mm,  and  the  max- 
imum  valve  lift  L3  is  10mm,  so  that  the  intermediate 
valve  lift  L-|  is  9mm.  Therefore,  in  the  cited  reference, 
there  are  three  valve  lifts,  L-|=9mm,  L2=1mm,  and 
L3=10mm.  In  other  words,  there  are  one  small  valve  lift, 
and  two  large  valve  lifts. 

If  the  minimum  valve  lift  or  opening  L2  should  be 
1  mm  and  the  intermediate  valve  lift  or  opening  L,  should 
be  2mm,  which  is  slightly  larger  than  the  minimum  valve 
lift  L2  in  accordance  with  the  engine  operating  condi- 
tions,  the  maximum  valve  lift  L3  would  be  3mm  (=L1  + 
L2)  .  In  this  case,  the  maximum  valve  lift  or  opening  is 
not  sufficient.  Thus,  it  is  impossible  to  set  the  three  valve 
lifts  or  openings  in  a  wide  range  for  the  EGR  control  unit 
to  assure  reliable  engine  performance,  especially  effi- 
cient  reduction  of  NOxfrom  exhaust  gases.  This  means 
that  the  engine  would  fail  to  operate  with  its  optimum 
performance. 

Summary  of  the  Invention 

It  is  therefore  a  first  object  of  the  invention  to  provide 
a  multiple  step  valve  opening  control  system  which  can 
overcome  the  problems  of  the  foregoing  multiple  step 
valve,  particularly  an  EGR  valve  control  unit,  and  set 
three  valve  lifts  or  openings  in  a  wide  range,  especially 
by  maintaining  a  sufficient  maximum  valve  lift  or  opening 
and  reliably  assuring  two  smaller  valve  lifts  or  openings. 

A  further  object  of  the  invention  is  to  provide  a  mul- 
tiple  step  valve  opening  control  system  which  is  appli- 
cable  to  an  EGR  valve  control  unit  in  a  vehicle  engine 
such  as  a  diesel  engine  for  a  truck  or  the  like,  assures 
good  engine  performance  such  as  sufficient  output  and 
fuel  consumption,  and  effectively  reduces  NOx  in  ex- 
haust  gases. 

According  to  a  first  aspect  of  the  invention,  there  is 
provided  a  multiple  step  valve  opening  control  system 
comprising:  a  valve  member  interposed  in  a  fluid  pas- 
sage,  the  valve  member  being  opened  by  a  plurality  of 

steps  for  controlling  a  flow  amount  of  a  fluid;  a  first  piston 
slidably  fitted  in  a  first  cylinder  disposed  in  a  housing;  a 
second  cylinder  substantially  coaxially  coupled  to  or  be- 
ing  integral  with  the  first  piston;  a  second  piston  slidably 

5  fitted  in  the  second  cylinder  and  operatively  coupled  to 
the  valve  member;  a  resilient  member  coupled  to  the 
valve  member,  the  resilient  member  continuously  urging 
the  valve  member  in  a  closing  direction;  a  first  intake/ 
exhaust  port  formed  in  the  housing,  the  first  intake/ex- 

10  haust  port  supplying  a  working  medium  to  a  first  working 
chamber  defined  in  the  first  cylinder,  and  displacing  the 
first  piston  via  the  second  piston  in  a  direction  for  open- 
ing  the  valve  member;  a  second  intake/exhaust  port 
formed  in  the  housing,  the  second  intake/exhaust  port 

is  supplying  the  working  medium  to  a  second  working 
chamber  defined  in  the  second  cylinder,  and  displacing 
the  second  piston  by  a  second  predetermined  extent  in 
the  direction  for  opening  the  valve  member;  and  char- 
acterised  by  a  first  piston  stroke  regulating  member 

20  housed  in  the  housing,  the  first  piston  stroke  regulating 
member  being  held  at  a  first  position  for  regulating,  to  a 
first  predetermined  extent,  an  allowable  displacement 
of  the  first  piston  in  the  opening  direction  of  the  valve 
member  when  the  working  medium  is  supplied  to  the 

25  second  working  chamber  from  the  second  intake/ex- 
haust  port,  and  the  first  piston  displacement  regulating 
member  being  held  at  a  second  position  for  regulating 
the  allowable  displacement  of  the  first  piston  in  the 
opening  direction  of  the  valve  member  to  the  first  pre- 

30  determined  extent  with  the  addition  of  a  third  predeter- 
mined  extent,  when  no  working  medium  is  supplied  to 
the  second  working  chamber  from  the  second  intake/ 
exhaust  port  but  the  working  medium  is  supplied  to  the 
first  working  chamber  from  the  first  intake/exhaust  port. 

35  In  this  arrangement,  the  first  piston  stroke  regulat- 
ing  member  includes  a  third  piston  which  is  fitted  in  a 
third  cylinder  in  the  housing  and  is  slidable  between  the 
first  position  and  the  second  position,  on  an  outer  sur- 
face  of  the  second  cylinder. 

40  It  is  preferable  that  the  second  intake/exhaust  port 
communicates  with  the  third  working  chamber  in  the 
third  cylinder,  and  the  second  working  chamber. 

The  maximum,  minimum  and  intermediate  valve 
lifts  or  openings  can  be  independently  set  in  a  wide 

45  range.  It  is  possible  to  accomplish  the  set  valve  lifts  or 
openings  precisely  and  quickly.  The  multiple  step  valve 
opening  control  system  of  the  invention  is  industrially 
advantageous  when  it  is  applied  to  an  EGR  control  valve 
of  a  diesel  engine  of  a  vehicle.  When  the  second  piston 

so  is  fitted  in  the  second  cylinder  integral  with  the  first  pis- 
ton  and  the  third  piston  is  positioned  around  the  second 
cylinder,  the  overall  system  can  be  made  compact.  Al- 
ternatively,  when  the  operation  of  the  second  and  the 
third  pistons  is  controlled  by  a  working  medium  supplied 

55  via  the  same  intake/exhaust  port,  it  is  possible  to  simplify 
the  working  medium  supplying  circuit  having  a  control 
valve  coupled  to  the  intake/exhaust  port. 

When  the  working  medium  is  supplied  to  the  third 

3 
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working  chamber,  the  third  piston  is  preferably  held  at 
the  first  position.  Further,  when  the  working  medium  is 
supplied  to  the  third  working  chamber  and  the  first  work- 
ing  chamber,  the  first  piston  slides  in  the  first  cylinder  in 
the  opening  direction  of  the  valve  member,  and  comes 
into  contact  with  and  is  stopped  by  the  third  piston  held 
at  the  first  position,  so  that  the  displacement  of  the  first 
piston  is  preferably  regulated  to  the  first  predetermined 
extent. 

Further,  when  no  working  medium  is  supplied  to  the 
third  working  chamber,  the  third  piston  is  movable  to  the 
second  position  which  is  beyond  the  first  position  in  the 
opening  direction  of  the  valve  member.  When  no  work- 
ing  medium  is  supplied  to  the  third  working  chamber  but 
the  working  medium  is  supplied  to  the  first  working 
chamber,  the  first  piston  slides  in  the  first  cylinder  to  the 
second  position  in  the  opening  direction  of  the  valve 
member,  and  comes  into  contact  with  and  is  held  by  the 
third  piston,  so  that  the  displacement  of  the  first  piston 
in  the  opening  direction  of  the  valve  member  is  prefer- 
ably  regulated  to  the  sum  of  the  first  predetermined  ex- 
tent  and  the  third  predetermined  extent. 

The  multiple  step  valve  opening  control  system  may 
further  comprise  a  third  piston  urging  memberfor  urging 
the  third  piston  in  a  closing  direction  of  the  valve  mem- 
ber.  In  this  case,  when  no  working  medium  is  supplied 
to  the  third  working  chamber  but  the  working  medium  is 
supplied  to  the  first  working  chamber,  the  first  piston 
slides  in  the  first  cylinder  in  the  opening  direction  of  the 
valve  member,  comes  into  contact  with  the  third  piston 
at  the  first  position,  slides  with  the  third  piston  to  the  sec- 
ond  position  against  an  urging  force  of  the  third  piston 
urging  member,  and  is  held  at  the  second  position,  so 
that  the  displacement  of  the  first  piston  in  the  opening 
direction  of  the  valve  member  is  preferably  regulated  to 
the  sum  of  the  first  and  third  predetermined  extents. 

The  valve  lifts  of  the  valve  member  can  be  deter- 
mined  in  a  wide  range  between  a  relatively  small  valve 
lift  and  a  relatively  large  valve  lift  when  the  valve  mem- 
ber  is  opened  in  multiple  steps  with  the  third  piston  held 
at  the  first  or  second  position.  The  whole  system  can 
have  a  simple  structure,  and  is  advantageously  applied 
to  the  EGR  control  valve  unit. 

The  multiple  step  valve  lift  control  system  may  fur- 
ther  comprise  a  stopper  which  is  positioned  near  an  end 
of  the  second  cylinder  in  the  opening  direction  of  the 
valve  member,  is  axially  screwed  into  the  second  cylin- 
der,  and  regulates  the  displacement  of  the  second  pis- 
ton  when  the  second  piston  slides  in  the  second  cylinder 
in  the  opening  direction  of  the  valve  member  and  comes 
into  contact  with  the  stopper.  The  displacement  of  the 
second  piston  is  adjustable  by  changing  the  position 
where  the  stopper  is  screwed  into  the  second  cylinder. 

The  displacement  of  the  second  piston  is  adjustable 
by  changing  the  position  where  the  stopper  is  screwed 
into  the  second  cylinder.  This  makes  the  system  appli- 
cable  to  a  variety  of  devices,  enhances  fine  adjust- 
ments,  and  facilitates  countermeasures  against  aging. 

The  fluid  passage  is  an  EGR  (exhaust  gas  recircu- 
lation)  passage  for  recirculating  extracted  exhaust  gas- 
es  to  an  intake  system  of  the  engine.  The  valve  member 
is  an  EGR  control  valve  for  controlling  the  flow  amount 

5  of  exhaust  gases  recirculated  to  the  intake  system. 
When  it  is  applied  to  the  EGR  control  valve,  the  sys- 

tem  can  control  an  amount  of  recirculated  exhaust  gas- 
es  in  multiple  steps. 

The  system  may  be  configured  as  follows,  when  it 
10  is  applied  to  an  EGR  control  valve  unit.  When  the  engine 

is  operated  in  a  first  operating  state  where  an  engine 
speed  is  a  predetermined  speed  or  less  and  under  a  first 
predetermined  load  or  less,  the  working  medium  is  sup- 
plied  to  the  first  intake/exhaust  port  and  the  first  piston 

is  is  displaced  by  the  third  predetermined  extent  in  the 
opening  direction  of  opening  the  valve  member.  When 
the  engine  is  operated  in  a  second  operating  state 
where  the  engine  speed  is  above  the  predetermined 
speed  and  under  a  second  predetermined  load  or  less, 

20  the  working  medium  is  supplied  to  both  the  first  intake/ 
exhaust  port  and  the  second  intake/exhaust  port,  the 
first  piston  is  displaced  by  the  first  predetermined  extent 
in  the  opening  direction  of  the  valve  member,  and  the 
second  piston  is  displaced  by  the  second  predetermined 

25  extentintheopeningdirectionofthevalvemember.  Fur- 
ther,  when  the  engine  is  operated  in  a  third  operating 
state  which  consists  of  an  operating  state  where  the  en- 
gine  speed  is  the  predetermined  speed  or  less  and  un- 
der  a  load  above  the  first  predetermined  load,  and  an 

30  operating  state  where  the  engine  speed  is  above  the 
predetermined  speed  and  a  predetermined  high  speed 
or  less  which  is  higher  than  the  predetermined  speed 
and  under  a  load  above  the  second  predetermined  load, 
the  working  medium  is  supplied  to  the  second  intake/ 

35  exhaust  port,  and  the  second  piston  is  displaced  by  the 
second  predetermined  extent  in  the  opening  direction  of 
the  valve  member. 

The  following  function  may  be  added.  The  valve 
member  is  made  to  remain  closed  by  the  resilient  mem- 

40  ber,  when  the  engine  is  operated  in  operating  states  oth- 
er  than  the  first  to  the  third  operating  states,  when  the 
engine  is  abruptly  accelerated,  and  when  a  temperature 
of  engine  cooling  water  is  a  predetermined  value  or  less. 

When  the  operation  of  the  EGR  control  valve  is  con- 
45  trolled  in  multiple  steps  in  accordance  with  engine  op- 

erating  conditions,  the  amount  of  recirculated  exhaust 
gases  can  be  appropriately  controlled.  Thus,  the  engine 
can  improve  its  performance  related  to  exhaust  gases. 
Especially,  no  EGR  is  conducted  while  the  engine  is  not 

so  sufficiently  warmed  up  or  it  is  abruptly  accelerated, 
thereby  improving  the  exhaust  gas  purifying  perform- 
ance. 

The  working  medium  supplied  to  the  fist  intake/ex- 
haust  port  and  the  second  intake/exhaust  port  is  a  com- 

55  pressed  fluid,  and  the  first  intake/exhaust  port  and  the 
second  intake/exhaust  port  are  preferably  connected  to 
a  compressed  fluid  source  via  a  first  fluid  control  valve 
and  a  second  fluid  control  valve,  respectively. 

4 
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This  arrangement  enables  pressured  fluid,  such  as 
pressured  oil  or  compressed  air  for  a  brake  system  of 
an  ordinary  vehicle,  to  be  used  as  the  working  medium. 
It  is  not  necessary  to  prepare  a  dedicated  source  of  the 
working  medium. 

The  multiple  step  valve  opening  control  system  may 
further  comprise  a  fourth  working  chamber  formed  in  the 
housing  at  a  first  pressure  receiving  face  opposite  to  a 
second  pressure  receiving  face  of  the  second  piston 
which  confronts  with  the  second  working  chamber,  and 
a  third  intake/exhaust  port  for  supplying  the  working  me- 
dium  to  the  fourth  working  chamber. 

The  working  medium  supplied  to  the  fourth  working 
chamber  enables  to  second  piston  to  positively  operate 
the  valve  member.  This  improves  the  response  of  the 
system,  and  exhaust  gas  purifying  performance  of  the 
vehicle. 

When  the  third  intake/exhaust  port  is  provided,  it  is 
preferable  that  the  fluid  passage  is  an  EGR  (exhaust  gas 
recirculation)  passage  for  recirculating  a  part  of  exhaust 
gases  to  an  intake  system  of  the  engine,  and  the  valve 
member  is  an  EGR  control  valve  for  controlling  a  flow 
amount  of  exhaust  gases  recirculated  to  the  intake  sys- 
tem. 

When  it  is  applied  to  the  EGR  control  valve,  the  sys- 
tem  can  responsively  control  the  amount  of  recirculated 
exhaust  gases  in  multiple  steps. 

The  multiple  step  valve  opening  control  system  in- 
cluding  the  third  intake/exhaust  port  can  function  as  fol- 
lows.  When  the  engine  is  operated  in  a  first  operating 
state  where  an  engine  speed  is  a  predetermined  speed 
or  less  and  under  a  first  predetermined  load  or  less,  the 
working  medium  is  supplied  to  the  first  intake/exhaust 
port  and  the  first  piston  is  displaced  by  the  third  prede- 
termined  extent  in  the  opening  direction  of  the  valve 
member.  When  the  engine  is  operated  in  a  second  op- 
erating  state  where  the  engine  speed  is  above  the  pre- 
determined  speed  and  under  a  second  predetermined 
load  or  less,  the  working  medium  is  supplied  to  both  the 
first  intake/exhaust  port  and  the  second  intake/exhaust 
port,  the  first  piston  is  displaced  by  the  first  predeter- 
mined  extent  in  the  opening  direction  of  the  valve  mem- 
ber,  and  the  second  piston  is  displaced  by  the  second 
predetermined  extent  in  the  opening  direction  of  the 
valve  member.  Further,  when  the  engine  is  operated  in 
a  third  operating  state  which  consists  of  an  operating 
state  where  the  engine  speed  is  the  predetermined 
speed  or  less  and  under  a  load  above  the  first  predeter- 
mined  load,  and  an  operating  state  where  the  engine 
speed  is  above  the  predetermined  speed  and  a  prede- 
termined  high  speed  or  less  which  is  higher  than  the  pre- 
determined  speed  and  under  a  load  above  the  second 
predetermined  load,  the  working  medium  is  supplied  to 
the  second  intake/exhaust  port,  and  the  second  piston 
is  displaced  by  the  second  predetermined  extent  in  the 
opening  direction  of  the  valve  member. 

The  multiple  step  valve  opening  control  system  may 
include  an  additional  function,  in  which  the  valve  mem- 

ber  is  made  to  remain  closed  by  the  resilient  member 
when  the  engine  is  operated  in  operating  states  other 
than  the  first  to  the  third  operating  states,  when  the  en- 
gine  is  abruptly  accelerated,  and  when  a  temperature  of 

5  engine  cooling  water  is  a  predetermined  value  or  less. 
When  the  operation  of  the  EGR  control  valve  is  con- 

trolled  in  multiple  steps  in  accordance  with  engine  op- 
erating  conditions,  the  amount  of  recirculated  exhaust 
gases  can  be  appropriately  controlled.  Thus,  the  engine 

10  can  improve  its  performance  related  to  exhaust  gases. 
Especially,  no  EGR  is  conducted  while  the  engine  is  not 
sufficiently  warmed  up  or  it  is  abruptly  accelerated, 
thereby  improving  the  exhaust  gas  purifying  perform- 
ance. 

is  When  the  valve  member  changes  its  opened  state 
to  a  closed  state,  the  working  medium  is  supplied  to  the 
third  intake/exhaust  port,  and  the  second  piston  is 
moved  in  the  closing  direction  of  the  valve  member. 

In  this  case,  the  second  piston  can  be  reliably 
20  moved  in  the  closing  direction  of  the  valve  member, 

thereby  improving  the  exhaust  gas  purifying  perform- 
ance. 

When  the  multiple  step  valve  opening  control  sys- 
tem  is  applied  to  an  EGR  control  valve  unit  including  the 

25  third  intake/exhaust  port,  the  working  medium  supplied 
to  the  first  intake/exhaust  port  and  the  second  intake/ 
exhaust  port  is  a  compressed  fluid,  and  the  first  intake/ 
exhaust  port  and  the  second  intake/exhaust  port  are 
connected  to  a  compressed  fluid  source  via  a  first  fluid 

30  control  valve  and  a  second  fluid  control  valve,  respec- 
tively. 

In  the  foregoing  system,  the  working  medium  sup- 
plied  to  the  third  intake/exhaust  port  is  a  compressed 
fluid,  and  the  third  intake/exhaust  port  communicates 

35  with  the  compressed  fluid  source  via  a  third  fluid  control 
valve. 

It  is  possible  to  use  pressured  oil  or  compressed  air 
for  a  brake  system  of  the  vehicle  as  the  working  medium, 
which  does  not  need  any  dedicated  working  medium 

40  source. 

Brief  Description  of  the  Drawings 

The  present  invention  will  become  more  fully  under- 
45  stood  from  the  detailed  description  given  hereinbelow 

and  the  accompanying  drawings  which  are  given  by  way 
of  illustration  only,  and  thus  are  not  limitative  of  the 
present  invention,  and  wherein: 

so  Fig.  1  is  a  cross  section  of  an  EGR  control  valve  unit 
to  which  a  first  embodiment  of  the  invention  is  ap- 
plied; 
Fig.  2  is  a  cross  section  of  the  main  part  of  the  EGR 
control  valve  unit  when  a  valve  lift  is  minimum; 

55  Fig.  3  is  a  view  similar  to  Fig.  2,  but  showing  that 
the  valve  lift  is  intermediate; 
Fig.  4  is  a  view  similar  to  Fig.  2,  but  showing  that 
the  valve  lift  is  maximum; 

50 

55 
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Fig.  5  is  a  schematic  view  showing  the  configuration 
of  an  engine  including  the  EGR  control  valve  unit  of 
Fig.  1; 
Fig.  6  is  an  example  of  a  control  map  stored  in  a 
control  unit  in  the  engine  shown  in  Fig.  5; 
Fig.  7  is  a  timing  chart  showing  operation  states  of 
the  EGR  control  valve  unit  of  Fig.  1  and  an  EGR 
control  valve  unit  shown  in  Fig.  9; 
Fig.  8  is  a  flow  chart  showing  the  operation  se- 
quence  of  the  control  unit  in  the  engine  Fig.  5  and 
a  control  unit  in  an  engine  shown  in  Fig.  10; 
Fig.  9  is  a  cross  section  of  an  EGR  control  valve  unit 
to  which  a  second  embodiment  of  the  invention  is 
applied; 
Fig.  10  is  a  schematic  view  showing  the  configura- 
tion  of  an  engine  including  the  EGR  valve  unit  of 
Fig.  9;  and 
Fig.  11  is  a  cross  section  of  an  example  of  EGR  con- 
trol  valve  units  of  the  prior  art. 

Description  of  the  Preferred  Embodiments 

Figs.  1  to  10  show  an  EGR  control  valve  unit  to 
which  embodiments  of  the  invention  are  applied. 

A  first  embodiment  of  the  invention  is  shown  in  Figs 
1  to  8.  Referring  to  Fig.  1  ,  the  EGR  control  valve  unit  1  0 
includes  a  housing  12  which  is  interposed  in  an  EGR 
passage  (not  shown),  and  extracts  and  recirculates 
some  of  the  exhaust  gases  to  an  inlet  system  of  the  en- 
gine. 

The  housing  12  encloses  an  exhaust  gas  passage 
14,  a  valve  member  16,  and  an  actuator  20.  The  valve 
member  16  is  a  poppet  valve  which  is  disposed  in  the 
exhaust  gas  passage  1  4,  and  controls  a  flow  amount  of 
exhaust  gases  to  be  recirculated.  The  actuator  20  is  op- 
eratively  coupled  to  a  valve  stem  1  8  of  the  valve  member 
16  so  as  to  control  valve  opening  or  lift. 

The  housing  12  is  divided,  on  a  plane  which  is  sub- 
stantially  orthogonal  to  the  valve  stem  1  8,  into  an  upper 
housing  part  1  2a,  an  intermediate  housing  part  1  2b,  and 
a  lower  housing  part  12c.  These  three  housing  parts 
12a,  12b  and  12c  are  fastened  by  a  plurality  of  bolts  22 
so  as  to  be  integral  with  one  another.  The  upper  housing 
part  1  2a  houses  a  first  cylinder  24  which  is  substantially 
axial  with  the  valve  stem  1  8.  The  first  cylinder  24  houses 
a  axially  slidable  first  piston  26  therein. 

The  first  piston  26  includes  a  second  cylinder  28  as 
an  integral  member  extending  toward  the  valve  member 
16.  Alternatively,  the  second  cylinder  28  may  be  sepa- 
rate  from  the  first  piston  26,  and  may  be  screwed  into 
the  first  piston  26,  be  fitted  thereinto  under  pressure,  or 
be  fixed  therein  by  appropriate  means. 

The  second  cylinder  28  houses  a  second  piston  30 
which  is  axially  slidable  therein.  In  the  first  cylinder  24, 
a  first  working  chamber  32  is  defined  by  the  first  piston 
26.  The  first  working  chamber  32  houses  a  first  return 
spring  34,  in  a  compressed  state,  which  continuously 
resiliently  urges  the  first  piston  26  toward  the  valve 

member  16.  A  first  intake/exhaust  port  36  is  formed  in 
a  top  wall  of  the  upper  housing  part  12a,  and  supplies 
a  working  medium  such  as  compressed  air  to  the  first 
working  chamber  32,  and  discharges  the  compressed 

5  air  from  the  working  chamber  32. 
A  stopper  ring  38  is  screwed  into  an  end  of  the  sec- 

ond  cylinder  28,  near  the  valve  member  1  6.  The  stopper 
ring  38  determines  a  stroke  l2  of  the  second  piston  30. 
The  second  piston  30  defines  a  second  working  cham- 

10  ber  40  in  the  second  cylinder  28.  The  second  working 
chamber  40  houses  a  second  return  spring  42  in  a  com- 
pressed  state,  which  continuously  resiliently  urges  the 
second  piston  30  toward  the  valve  member  16. 

The  upper  housing  part  1  2a  also  houses  a  third  cyl- 
15  inder  44.  The  third  cylinder  44  is  coaxial  with  the  first 

and  the  second  cylinders  24  and  28,  and  has  a  third  pis- 
ton  46  fitted  therein.  The  third  piston  46  is  tubular. 

The  third  piston  46  is,  via  its  outer  surface,  in  slida- 
ble  contact  with  an  inner  surface  of  the  third  cylinder  44, 

20  and  is,  via  its  inner  surface,  in  slidable  contact  with  an 
outer  surface  of  the  second  cylinder  28. 

In  the  third  cylinder  44,  a  third  working  chamber  48 
is  defined  by  the  upper  and  the  intermediate  housing 
parts  12a  and  12b,  at  the  bottom  of  the  third  piston  46, 

25  near  the  valve  member  16.  The  third  working  chamber 
48  houses  a  third  return  spring  50  in  a  compressed 
state.  The  third  return  spring  50  continuously  urges  the 
third  piston  46  upwards  such  that  it  stays  away  from  the 
valve  member  16.  As  will  be  detailed  later,  the  third  pis- 

30  ton  46,  the  third  cylinder  44,  the  third  return  spring  50, 
the  third  working  chamber  48  and  so  on  constitute  a  first 
piston  stroke  regulating  member  for  regulating  a  stroke 
of  the  first  piston  26. 

In  a  side  wall  of  the  intermediate  housing  part  1  2b, 
35  there  is  formed  a  second  intake/exhaust  port  52,  which 

provides  the  compressed  air  into  the  third  working 
chamber  48,  and  discharges  the  compressed  air  there- 
from.  The  third  working  chamber  48  continuously  com- 
municates  with  the  second  working  chamber  40  via  a 

40  path  54  formed  in  the  wall  of  the  second  cylinder  28  and 
a  path  56  formed  in  the  second  piston  30,  at  all  of  the 
strokes  of  the  second  piston  30. 

A  spring  retainer  60  is  attached  around  the  top  of 
the  valve  stem  18  using  a  valve  cotter  58.  A  valve  spring 

45  64  is  disposed,  in  a  compressed  state,  between  the 
spring  retainer  60  and  a  valve  guide  62  into  which  the 
valve  stem  1  8  is  slidably  fitted.  The  valve  spring  64  urg- 
es  the  valve  member  1  6  to  the  closed  position  shown  in 
Fig.  1. 

so  In  the  state  shown  in  Fig.  1  ,  no  compressed  air  as 
the  working  medium  is  supplied  to  the  first  and  second 
intake/exhaust  ports  36  and  52,  and  the  EGR  control 
valve  unit  10  remains  inactive.  Thus,  the  valve  member 
1  6  is  completely  closed  by  the  valve  spring  64  having  a 

55  large  spring  constant.  The  second  piston  30  is  kept  in 
pressure  contact  with  the  top  of  the  valve  stem  18  by 
the  second  return  spring  42.  The  first  piston  26  is  kept 
in  pressure  contact  with  an  annular  head  of  the  second 

6 
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piston  30  by  the  first  return  spring  34.  The  third  piston 
46  (i.e.  the  first  piston  stroke  regulating  member)  is  kept 
at  a  raised  position  by  the  third  return  spring  50. 

In  this  state,  there  is  axially  a  first  predetermined 
clearance  I-,  between  the  bottom  of  the  first  piston  26 
and  the  top  of  the  third  piston  46.  Further,  there  is  axially 
a  second  predetermined  clearance  1  2  between  the  sec- 
ond  piston  30  and  the  stopper  ring  38.  Still  further,  there 
is  axially  a  third  predetermined  clearance  l3  between  the 
bottom  of  the  third  piston  46  and  the  top  of  a  stepped 
portion  48'  of  the  third  working  chamber  48,  near  the 
bottom  of  the  third  cylinder  44.  The  third  clearance  l3  is 
adjustable  by  changing  a  thickness  of  a  shim  66  inter- 
posed  between  the  upper  housing  part  12a  and  the  in- 
termediate  housing  part  12b.  The  second  clearance  l2 
is  adjustable  by  changing  a  screwed  position  of  the  stop- 
per  ring  38. 

The  following  describes  the  operation  of  the  actua- 
tor  20,  assuming  that  the  clearance  I-,  is  1.5  mm,  the 
clearance  l2  is  1  mm,  and  the  clearance  l3  is  8.5  mm.  (In 
order  to  simplify  the  description,  the  first  to  third  return 
springs  34,  40  and  50  are  not  shown  in  Fig.  2  to  Fig.  4.) 

Fig.  2  shows  a  state  in  which  the  first  intake/exhaust 
port  36  is  open  to  the  atmosphere,  and  the  second  in- 
take/exhaust  port  52  is  receiving  compressed  air  as  the 
working  medium.  The  compressed  air  is  further  intro- 
duced  into  the  third  working  chamber  48  via  the  second 
intake/exhaust  port  52,  pushes  the  third  piston  46  (i.e. 
the  first  piston  stroke  regulating  member)  upwards,  and 
causes  the  third  piston  46  to  come  into  contact  with  a 
shoulder  68  formed  between  the  first  and  third  cylinders 
24  and  44  in  the  upper  housing  part  12a.  In  this  state, 
the  first  piston  stroke  regulating  member  46  is  held  at  a 
first  position  shown  by  a  solid  line  in  Fig.  2. 

The  compressed  air  is  further  introduced  into  the 
second  working  chamber  40  from  the  third  working 
chamber  48  via  the  paths  54  and  56,  thereby  pushing 
the  second  piston  30  downwards  until  it  comes  into  con- 
tact  with  the  stopper  ring  38.  The  valve  member  16  is 
opened  by  a  first  valve  lift  or  opening  (=  1  mm,  i.e.  the 
clearance  l2)  via  the  valve  stem  18  which  is  in  contact 
with  the  second  piston  30.  Therefore,  exhaust  gases, 
whose  amount  depends  upon  the  first  valve  lift  or  open- 
ing  and  a  difference  of  pressures  upstream  and 
downstream  of  the  valve  member  16,  are  recirculated 
to  the  intake  system  of  the  engine  via  the  exhaust  gas 
passage  14. 

Referring  to  Fig.  3,  the  compressed  air  is  introduced 
into  both  the  first  and  second  intake/exhaust  ports  36 
and  52.  The  compressed  air  further  flows  to  the  third 
working  chamber  48  via  the  second  intake/exhaust  port 
52,  and  pushes  the  third  piston  46  upwards.  The  com- 
pressed  air  flowing  to  the  first  working  chamber  32  via 
the  first  intake/exhaust  port  36  pushes  the  first  piston  26 
downwards.  However,  when  it  comes  into  contact  with 
the  third  piston  46,  the  first  piston  26  is  stopped.  This  is 
because  the  third  piston  46  receives  more  compressed 
air  in  a  large  area  than  the  first  piston  26.  In  other  words, 

the  first  piston  26  is  displaced  downwards  by  the  clear- 
ance  I-,  (=  1  .5  mm). 

The  compressed  air  introduced  via  the  second  in- 
take/exhaust  port  52  also  pushes  the  second  piston  30 

5  downwards  by  the  clearance  l2  (=  1  mm)  as  described 
above  with  reference  to  Fig.  2.  Thus,  the  valve  member 
16  is  opened  by  a  second  valve  lift  or  opening  22  (=  I-, 
+  l2  =  2.5  mm),  so  that  exhaust  gases  are  recirculated 
to  the  intake  system  of  the  engine  via  the  exhaust  gas 

10  passage  14.  The  amount  of  recirculated  exhaust  gases 
depends  upon  a  difference  of  pressures  upstream  and 
downstream  of  the  valve  member  16  and  the  second 
valve  lift  or  opening  22. 

Fig.  4  shows  a  state  in  which  the  first  intake/exhaust 
is  port  36  receives  the  compressed  air  while  the  second 

intake/exhaust  port  52  is  open  to  the  atmosphere.  Since 
no  compressed  air  acts  on  the  third  piston  46,  the  pres- 
sure  of  compressed  air  introduced  into  the  first  working 
chamber  32  pushes  the  first  piston  26,  which  pushes  the 

20  third  piston  46  downwards.  The  first  piston  pushes  the 
third  piston  46  downwards  by  10  mm  (I-,  +  l3)  until  the 
third  piston  46  comes  into  contact  with  the  stepped  por- 
tion  48'  near  the  bottom  of  the  third  cylinder  44.  In  this 
state,  the  third  piston  46  (i.e.  the  first  piston  stroke  reg- 

25  ulating  member)  stays  at  a  second  position  shown  by  a 
solid  line  in  Fig.  4.  The  second  working  chamber  40 
communicating  with  the  third  working  chamber  48  is  al- 
so  open  to  the  atmosphere.  Thus,  the  second  piston  30 
is  not  pushed  downwards  since  there  is  no  compressed 

30  air  in  the  second  working  chamber  40,  but  simply  follows 
the  first  piston  26,  as  shown  in  Fig.  4.  The  valve  member 
1  6  is  opened  by  the  third  valve  lift  or  opening  Z3  (  I-,  +  l3 
=  1  0  mm)  via  the  valve  stem  1  8.  Exhaust  gases,  whose 
amount  depends  upon  a  pressure  difference  upstream 

35  and  downstream  of  the  valve  member  16  and  the  third 
valve  lift  or  opening  23,  are  recirculated  to  the  intake  sys- 
tem  of  the  engine  via  the  exhaust  gas  passage  14. 

In  the  foregoing  EGR  control  valve  unit  of  Fig.  1, 
first  of  all,  the  compressed  air  is  supplied  to  the  second 

40  intake/exhaust  port  52,  and  the  first  intake/exhaust  port 
36  is  opened  to  the  atmosphere.  Then,  the  valve  mem- 
ber  16  is  opened  by  the  first  valve  lift  or  opening  21  (= 
l2,  e.g.  1  mm).  Next,  the  compressed  air  is  supplied  to 
the  first  and  second  intake/exhaust  ports  36  and  52.  This 

45  causes  the  valve  member  16  to  be  opened  by  the  sec- 
ond  valve  NftZ2  (=  I-,  +  12,  e.g.  2.5  mm).  Further,  the  com- 
pressed  air  is  supplied  to  the  first  intake/exhaust  port  36 
while  the  second  intake/exhaust  port  52  is  opened  to  the 
atmosphere.  Thus,  the  valve  member  16  is  opened  by 

so  the  third  lift  or  opening  Z3  (  I-,  +  l3  =  10  mm). 
According  to  the  invention,  the  three  lifts  or  open- 

ings  Z-,,  22  and  23  are  available,  i.e.  the  lift  or  opening 
21  is  minimum,  the  lift  or  opening  22  is  close  to  the  lift 

and  the  lift  or  opening  23  is  maximum.  The  valve 
55  member  16  can  be  opened  as  desired  by  setting  the 

clearances  (strokes)  I-,,  l2  and  l3  to  appropriate  values. 
Especially,  the  stroke  l3  of  the  third  piston  46,  which 
functions  as  the  first  piston  stroke  regulating  member, 
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is  set  to  an  appropriate  value,  it  is  possible  to  obtain  a 
sufficient  difference  between  the  minimum  valve  lift  or 
opening  and  the  maximum  valve  lift  or  opening  Z3. 
Further,  the  stroke  I-,  of  the  first  piston  26  and  the  stroke 
l2  of  the  second  piston  30  are  appropriately  set,  the  min- 
imum  lift  or  opening  ZI-,  and  the  intermediate  lift  or  open- 
ing  Z2  can  be  determined  with  large  tolerances. 

Fig.  5  schematically  shows  the  configuration  of  a 
vehicle  engine  including  the  EGR  control  valve  unit  10. 
In  Fig.  5,  reference  numeral  70  is  a  6-cylinder  diesel  en- 
gine  for  a  truck  or  the  like,  72  an  intake  pipe  including 
an  intake  manifold,  74  an  air  cleaner  disposed  at  an  inlet 
port  of  the  intake  pipe  72,  76  an  exhaust  pipe  including 
an  exhaust  manifold,  and  78  an  EGR  passage  for  recir- 
culating  extracted  exhaust  gases  to  the  intake  pipe  72 
from  the  exhaust  pipe  76.  The  EGR  control  valve  unit 
10  is  interposed  in  the  EGR  passage  78. 

The  first  intake/exhaust  port  36  of  the  EGR  control 
valve  unit  1  0  is  connected  to  the  compressed  air  source 
82  as  a  compressed  fluid  source  via  a  first  three-way 
solenoid  valve  80  as  a  first  fluid  control  valve  while  the 
second  intake/exhaust  port  52  is  connected  to  the  com- 
pressed  air  source  82  via  a  second  three-way  solenoid 
valve  84  as  a  second  fluid  control  valve.  Compressed 
air  is  used  as  the  compressed  fluid. 

The  first  and  second  three-way  solenoid  valves  80 
and  84  are  controlled  by  a  control  unit  86  which  receives 
a  signal  Ac  indicative  of  an  accelerator  opening  amount, 
a  signal  Ne  indicative  of  an  engine  speed,  and  a  signal 
Tw  indicative  of  a  cooling  water  temperature  of  the  en- 
gine  70,  and  generates  a  drive  signal. 

The  control  unit  86  stores  a  control  map  as  shown 
in  Fig.  6.  The  control  map  shows  valve  lifts  or  openings 
of  the  valve  member  1  6  under  various  engine  operating 
conditions  when  the  cooling  water  is  60°C  or  more,  i.e. 
after  the  engine  70  is  warmed  up.  Patterns  at  the  right 
side  of  Fig.  6  denote  valve  lifts  or  openings  of  the  valve 
member  1  6.  The  ordinate  represents  torque  Tq,  and  the 
abscissa  represents  the  engine  speeds  Ne.  The  oblique 
lines  accompanying  values  in  percentage  represent  de- 
grees  of  accelerator  opening  AC. 

Referring  to  Fig.  6,  a  first  operating  state  X  is  de- 
fined  by  an  engine  speed  which  is  lower  than  a  prede- 
termined  speed  N-|  ,  and  by  a  load  which  is  a  first  prede- 
termined  load  or  less.  The  foregoing  load  is  represented 
by  a  border  line  which  is  indented  close  to  a  speed  N2 
which  is  lower  than  the  predetermined  speed  Nv 

When  the  engine  70  is  operated  in  the  state  X,  the 
control  unit  86  activates  the  first  three-way  solenoid 
valve  80  such  that  the  compressed  air  source  82  sup- 
plies  the  compressed  air  only  to  the  first  intake/exhaust 
port  36.  The  valve  member  16  is  opened  by  the  third 
valve  lift  or  opening  Z3,  so  that  exhaust  gases  are  recir- 
culated  from  the  exhaust  pipe  76  to  the  intake  pipe  72 
via  the  EGR  passage  78  and  the  maximally  opened 
valve  member  16.  In  the  first  operating  state  X,  a  rela- 
tively  small  amount  of  the  exhaust  gases  having  a  low 
pressure  flowthrough  the  exhaust  pipe  76,  and  negative 

pressure  in  the  intake  pipe  72  is  small.  It  is  generally 
difficult  to  recirculate  exhaust  gases  to  the  intake  pipe 
72  from  the  exhaust  pipe  76.  Thus,  the  valve  member 
16  is  opened  by  the  third  valve  lift  or  opening  23,  i.e.  it 

5  is  fully  opened,  so  that  a  necessary  amount  of  exhaust 
gases  can  be  recirculated  to  the  intake  pipe  72.  This  en- 
ables  effective  reduction  of  NOx  and  assures  good  en- 
gine  performances  such  as  high  engine  output  and  fuel 
consumption. 

10  A  second  operating  state  Y  shown  in  Fig.  6  is  de- 
fined  by  the  engine  speed  which  is  above  the  predeter- 
mined  speed  N1  and  by  the  load  which  is  a  second  pre- 
determined  load  or  less.  A  border  line  representing  the 
second  predetermined  load  or  less  is  moderately 

is  curved,  and  joins  with  the  border  line  denoting  the  first 
predetermined  load  or  less,  at  a  point  denoting  the  pre- 
determined  speed  Nv 

When  the  engine  70  is  operated  in  the  state  Y,  the 
control  unit  86  activates  the  first  and  second  three-way 

20  solenoid  valves  80  and  84,  so  that  the  first  and  second 
intake/exhaust  ports  36  and  52  receive  the  compressed 
air  from  the  compressed  air  source  82.  Thus,  the  valve 
member  1  6  is  opened  by  the  second  valve  lift  or  opening 
22  which  is  close  to  the  minimum  valve  lift  or  opening. 

25  In  the  operating  state  Y,  the  engine  speed  Ne  is  suffi- 
ciently  high,  the  negative  pressure  in  the  intake  pipe  72 
is  high,  and  exhaust  gases  in  the  exhaust  pipe  76  have 
a  relatively  high  pressure.  Therefore,  the  valve  member 
16  is  opened  by  the  second  valve  lift  or  opening  22,  so 

30  that  an  appropriate  amount  of  the  exhaust  gases  are  re- 
circulated  to  the  intake  system  of  the  engine  70  via  the 
valve  member  16. 

Fig.  6  further  shows  that  a  third  operating  state  Z  is 
defined  by  a  combination  of  the  engine  speed  which  is 

35  the  predetermined  speed  N1  or  less  and  the  load  which 
is  above  the  first  predetermined  load,  and  by  a  combi- 
nation  of  the  engine  speed  which  is  predetermined  high 
speed  N4  or  less,  and  by  the  load  which  is  above  the 
second  predetermined  load.  The  predetermined  high 

40  speed  N4  is  higher  than  the  predetermined  speed  N-,. 
The  border  line  denoting  the  first  predetermined  load  or 
less  is  indented  close  to  a  speed  N2  which  is  lower  than 
the  predetermined  speed  N-,,  as  described  with  respect 
to  the  operating  state  X.  In  other  words,  the  operating 

45  state  Z  is  defined  by  the  load  which  is  larger  than  the 
first  and  second  predetermined  loads  and  smaller  than 
a  full  load. 

When  the  engine  70  is  operated  in  the  state  Z,  the 
control  unit  86  activates  the  second  three-way  solenoid 

so  valve  84,  so  that  only  the  second  intake/exhaust  port  52 
receives  the  compressed  air  from  the  compressed  air 
source  82.  Thus,  the  valve  member  1  6  is  opened  by  the 
minimum  valve  lift  or  opening  21  as  described  above.  In 
the  operating  state  Z,  exhaust  gases  in  the  exhaust  pipe 

55  76  have  a  relatively  high  pressure  at  an  engine  speed 
above  the  intermediate  speed,  and  the  negative  pres- 
sure  in  the  intake  pipe  72  is  relatively  high.  As  a  result, 
a  sufficient  amount  of  exhaust  gases  can  be  recirculated 
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even  when  the  valve  member  1  6  is  opened  by  the  min- 
imum  valve  lift  or  opening  .  Further,  when  the  engine 
is  operated  at  a  low  speed  in  the  operating  state  Z,  a 
relatively  small  amount  of  air  is  introduced  into  the  intake 
system  but  a  relatively  large  amount  of  fuel  is  supplied. 
Thus,  if  exhaust  gases  are  excessively  recirculated,  a 
lot  of  smoke  would  be  generated.  In  order  to  prevent 
this,  the  valve  member  1  6  should  be  opened  by  the  min- 
imum  valve  lift  or  opening  . 

When  the  engine  is  operating  in  states  other  than 
the  states  X,  Y  and  Z,  i.e.  in  states  shown  by  non-shaded 
areas  in  Fig.  6,  recirculation  of  exhaust  gases  is  not  nec- 
essary  in  view  of  the  engine  performance  factors  such 
as  output  and  fuel  consumption,  and  necessity  of  reduc- 
ing  NOx  in  exhaust  gases.  Thus,  the  control  unit  86  de- 
activates  the  first  and  second  three-way  solenoid  valves 
80  and  84,  and  the  first  and  second  intake/exhaust  ports 
36  and  52  are  opened  to  the  atmosphere,  thereby  leav- 
ing  the  valve  member  1  6  fully  closed  as  shown  in  Fig.  1  . 

The  control  unit  86  operates  in  the  sequence  shown 
in  Fig.  8.  After  the  control  program  is  started,  the  control 
unit  86  receives,  in  step  S-,,  operational  data  about  the 
engine  70,  i.e.  a  cooling  water  temperature  Tw,  acceler- 
ator  opening  amount  Ac,  and  an  engine  speed  Ne.  In 
step  S2,  it  is  checked  whether  or  not  the  cooling  water 
temperature  Tw  is  higher  than  a  predetermined  value  To 
(e.g.  60°C).  If  Tw  is  below  To  (i.e.  NO),  the  engine  70  is 
recognized  as  not  having  completed  warm-up.  Thus,  the 
exhaust  gas  recirculation  (EGR)  is  not  preferable  in  this 
state,  and  no  exhaust  gases  will  be  recirculated  (step 
S4)  (since  the  engine  70  has  difficulty  with  cold  starting, 
or  smoke  will  be  increased  in  the  exhaust  gases). 

When  the  engine  70  is  recognized  as  having  been 
warmed  up  in  step  S2  (i.e.  YES),  it  is  checked  in  step  S5 
whether  or  not  an  increase  AAc  of  the  accelerator  open- 
ing  Ac  is  smaller  than  a  predetermined  value  AAco.  If 
the  increase  AAc  is  smaller  than  AAco  (i.e.  the  vehicle 
is  running  steadily  without  abrupt  acceleration),  the  con- 
trol  program  is  advanced  to  step  S6.  In  step  S6,  the  valve 
member  1  6  is  set  to  be  opened  by  the  valve  lift  or  open- 
ing  2-,,  22,  or  Z3,  or  is  completely  closed,  based  on  the 
two-dimensional  control  map  shown  in  Fig.  6.  In  step  S7, 
a  command  is  issued  to  activate  or  deactivate  the  sole- 
noid  valves  80  and  84.  Thus,  the  valve  lift  of  the  valve 
member  16  is  controlled  as  described  above. 

When  AAc  is  recognized  as  being  larger  than  AAco 
(i.e.  NO)  in  step  S5  (i.e.  the  vehicle  is  abruptly  acceler- 
ating),  smoke  tends  to  increase  and  become  dense  in 
the  exhaust  gases.  In  this  state,  no  exhaust  gases  will 
be  recirculated,  thereby  reducing  smoke.  In  step  S5,  the 
variation  of  the  accelerator  opening  Ac  is  checked.  Al- 
ternatively,  a  difference,  either  increase  and  decrease, 
of  a  current  accelerator  opening  from  a  previous  accel- 
erator  opening  at  a  predetermined  preceding  time  may 
be  checked,  and  compared  with  a  predetermined  differ- 
ence  of  the  accelerator  opening  (on  the  increasing  side). 

In  a  second  embodiment  of  the  invention,  an  EGR 
control  valve  unit  is  configured  as  shown  in  Fig.  9.  In  the 

second  embodiment,  a  fourth  working  chamber  88  is  de- 
fined  by  the  intermediate  and  the  lower  housing  parts 
1  2b  and  1  2c  so  as  to  enclose  the  upper  part  of  the  valve 
stem  18.  An  ordinary  valve  guide  seal  90  is  attached 

5  around  the  top  of  the  valve  guide  62  so  as  to  seal  the 
fourth  working  chamber  88.  Further,  a  third  intake/ex- 
haust  port  92  is  formed  in  the  side  wall  of  the  lower  hous- 
ing  part  1  2c,  and  communicates  with  the  fourth  working 
chamber  88.  Referring  to  Fig.  10,  the  third  intake/ex- 

10  haust  port  92  is  connected  to  the  working  medium 
source,  i.e.  the  compressed  air  source  82  in  this  embod- 
iment,  via  a  third  three-way  solenoid  valve  94. 

As  can  be  seen  from  Figs.  9  and  10,  the  second 
embodiment  is  substantially  identical  to  the  first  embod- 

15  iment  except  for  the  fourth  working  chamber  88  and  the 
third  intake/exhaust  port  92. 

The  second  embodiment  is  also  controlled  in  ac- 
cordance  with  the  flow  chart  shown  in  Fig.  8.  It  is  as- 
sumed  that  the  vehicle  is  abruptly  accelerated  while  the 

20  valve  member  16  in  the  EGR  valve  control  unit  10  is 
opened  by  the  valve  lift  or  opening  2-,,  22  or  Z3.  In  this 
case,  AAc  is  recognized  as  being  larger  than  AAco  in 
step  S5  (i.e.  NO),  the  third  three-way  solenoid  valve  94 
is  activated  in  response  to  the  drive  signal  from  the  con- 

25  trol  unit  86,  as  shown  by  a  phantom  line  in  Fig.  8.  Then, 
the  compressed  air  is  introduced  into  the  fourth  working 
chamber  88  from  the  compressed  air  source  82.  As  a 
result,  the  EGR  is  interrupted  in  step  S4,  i.e.  the  first  and 
second  three-way  solenoid  valves  80  and  84  are  deac- 

30  tivated.  In  order  to  completely  close  the  valve  member 
1  6  by  the  valve  spring  64  as  shown  in  Fig.  9,  the  second 
piston  30  is  progressively  urged  upwards  by  the  com- 
pressed  air  in  the  fourth  working  chamber  88. 

In  the  first  embodiment,  if  the  vehicle  is  abruptly  ac- 
35  celerated  while  the  valve  member  16  is  opened  by  the 

valve  lift  or  opening  ~LV  22  or  23,  the  valve  member  16 
will  be  completely  closed  with  a  relatively  long  time  delay 
(i.e.  the  EGR  is  interrupted),  as  shown  by  a  dashed  line 
a-,  in  Fig.  7.  In  this  case,  the  density  of  smoke  is  tempo- 

40  rarily  and  extensively  increased  as  shown  by  another 
dashed  line  p1  in  Fig.  7. 

However,  in  the  second  embodiment,  the  valve 
member  16  is  fully  closed  in  a  short  length  of  time  as 
shown  by  a  solid  line  a2.  Further,  the  density  of  smoke 

45  is  extensively  reduced  as  shown  by  another  solid  line 
P2.  The  third  three-way  solenoid  valve  94  is  preferably 
kept  active  for  a  length  of  time  necessary  for  the  com- 
plete  closure  of  the  valve  member  16  or  slightly  longer 
than  this  length  of  time. 

so  In  the  first  and  second  embodiments,  the  poppet 
valve  is  used  as  the  valve  member  16.  Alternatively,  the 
valve  member  16  may  be  a  butterfly  valve  which  is  ex- 
tensively  utilized  for  an  exhaust  brake  in  a  truck  or  the 
like.  In  such  a  case,  a  drive  link  or  an  arm  is  made  to 

55  project  from  the  valve  stem  18.  The  butterfly  valve  as 
the  valve  member  1  6  may  have  its  opening  or  an  angle 
controlled  by  either  the  drive  link  or  arm  which  is  turned 
via  a  piston  rod  fixed  to  the  second  piston  30  or  a  link 
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coupled  to  the  second  piston  30. 
The  multiple  step  valve  opening  control  system  can 

set  the  valve  lifts  or  openings  in  a  wide  range,  so  that  it 
is  advantageously  applicable  to  an  EGR  control  valve 
unit  for  an  engine  of  a  motor  vehicle  in  which  an  amount 
of  exhaust  gases  to  be  recirculated  varies  extensively. 
Especially,  when  it  is  applied  to  a  diesel  engine  in  a  truck 
or  the  like,  the  multiple  step  valve  opening  control  sys- 
tem  is  effective  in  reducing  NOx  in  exhaust  gases  while 
maintaining  engine  performance  factors  such  as  high 
output  and  fuel  consumption. 

The  invention  being  thus  described,  it  will  be  obvi- 
ous  that  the  same  may  be  varied  in  many  ways.  For  ex- 
ample,  it  may  be  applicable  to  a  variety  of  valve  units 
which  require  three  types  of  valve  lifts.  In  the  foregoing 
embodiments,  other  kinds  of  pressured  fluid,  for  in- 
stance,  pressured  oil  for  a  braking  system  of  a  vehicle, 
can  be  used  as  the  working  medium  in  place  of  the  com- 
pressed  air. 

Claims 

1. A  multiple  step  valve  opening  control 
prising: 

system  com- 

10 

15 

20 

2. 

25 

(a)  a  valve  member  (16)  interposed  in  a  fluid 
passage  (14),  the  valve  member  (16)  being 
opened  by  a  plurality  of  steps  for  controlling  a 
flow  amount  of  a  fluid;  30  3. 
(b)  a  first  piston  (26)  slidably  fitted  in  a  first  cyl- 
inder  (24)  disposed  in  a  housing  (12); 
(c)  a  second  cylinder  (28)  substantially  coaxi- 
ally  coupled  to  or  being  integral  with  the  first  pis- 
ton  (26);  35 
(d)  a  second  piston  (30)  slidably  fitted  in  the  4. 
second  cylinder  (28)  and  operatively  coupled  to 
the  valve  member  (16); 
(e)  a  resilient  member  (64)  coupled  to  the  valve 
member  (1  6),  the  resilient  member  (64)  contin-  40 
uously  urging  the  valve  member  (16)  in  a  clos- 
ing  direction; 
(f)  a  first  intake/exhaust  port  (36)  formed  in  the 
housing  (12),  the  first  intake/exhaust  port  (36) 
supplying  a  working  medium  to  a  first  working  45 
chamber  (32)  defined  in  the  first  cylinder  (24), 
and  displacing  the  first  piston  (26)  via  the  sec- 
ond  piston  (30)  in  a  direction  for  opening  the 
valve  member  (16);  5. 
(g)  a  second  intake/exhaust  port  (52)  formed  in  so 
the  housing  (12),  the  second  intake/exhaust 
port  (52)  supplying  the  working  medium  to  a 
second  working  chamber  (40)  defined  in  the 
second  cylinder  (28),  and  displacing  the  sec- 
ond  piston  (30)  by  a  second  predetermined  ex-  55 
tent  (l2)  in  the  direction  for  opening  the  valve 
member  (16);  and  characterised  by: 
(h)  a  first  piston  stroke  regulating  member  (46, 

44,  50)  housed  in  the  housing  (12),  the  first  pis- 
ton  stroke  regulating  member  (46,  44,  50)  being 
held  at  a  first  position  for  regulating,  to  a  first 
predetermined  extent  (I-,),  an  allowable  dis- 
placement  of  the  first  piston  (26)  in  the  opening 
direction  of  the  valve  member  (16)  when  the 
working  medium  is  supplied  to  the  second 
working  chamber  (40)  from  the  second  intake/ 
exhaust  port  (52),  and  the  first  piston  stroke 
regulating  member  (46,  44,  50)  being  held  at  a 
second  position  for  regulating  the  allowable 
displacement  of  the  first  piston  in  the  opening 
direction  of  the  valve  member  to  the  first  pre- 
determined  extent  (I-,  )  with  the  addition  of  a  third 
predetermined  extent  (l3),  when  no  working 
medium  is  supplied  to  the  second  working 
chamber  (40)  from  the  second  intake/exhaust 
port  (52)  but  the  working  medium  is  supplied  to 
the  first  working  chamber  (32)  from  the  first  in- 
take/exhaust  port  (36). 

The  multiple  step  valve  opening  control  system  ac- 
cording  to  claim  1  ,  wherein  the  first  piston  stroke 
regulating  member  includes  a  third  piston  (46) 
which  is  fitted  in  a  third  cylinder  (28)  in  the  housing 
(12),  and  is  slidable  between  the  first  position  and 
the  second  position,  on  an  outer  surface  of  the  sec- 
ond  cylinder  (28). 

The  multiple  step  valve  opening  control  system  ac- 
cording  to  claim  1,  wherein  the  second  intake/ex- 
haust  port  (52)  communicates  with  a  third  working 
chamber  (48)  in  the  third  cylinder  (24),  and  the  sec- 
ond  working  chamber  (40). 

The  multiple  step  valve  opening  control  system  ac- 
cording  to  claim  3,  wherein  when  the  working  me- 
dium  is  supplied  to  the  third  working  chamber  (48), 
the  third  piston  (46)  is  held  at  the  first  position,  and 
when  the  working  medium  is  supplied  to  the  third 
working  chamber  (48)  and  the  first  working  cham- 
ber  (32),  the  first  piston  (26)  slides  in  the  first  cylin- 
der  (24)  in  the  opening  direction  of  the  valve  mem- 
ber  (16),  and  comes  into  contact  with  and  is  stopped 
by  the  third  piston  (46)  held  at  the  first  position,  so 
that  the  displacement  of  the  first  piston  (26)  is  reg- 
ulated  to  the  first  predetermined  extent  (I-,). 

The  multiple  step  valve  opening  control  system  ac- 
cording  to  claim  4,  wherein  when  no  working  medi- 
um  is  supplied  to  the  third  working  chamber  (48), 
the  third  piston  (46)  is  movable  to  the  second  posi- 
tion  which  is  beyond  the  first  position  in  the  opening 
direction  of  the  valve  member  (16),  and  when  no 
working  medium  is  supplied  to  the  third  working 
chamber  (48)  but  the  working  medium  is  supplied 
to  the  first  working  chamber  (32),  the  first  piston  (26) 
slides  in  the  first  cylinder  (24)  to  the  second  position 
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in  the  opening  direction  of  the  valve  member  (16), 
and  comes  into  contact  with  and  is  held  by  the  third 
piston  (46),  so  that  the  displacement  of  the  first  pis- 
ton  (26)  in  the  opening  direction  of  the  valve  mem- 
ber  (16)  is  regulated  to  the  sum  of  the  first  prede-  s 
termined  extent  (I-,)  and  the  third  predetermined  ex- 
tent  (l3). 

6.  The  multiple  step  valve  opening  control  system  ac- 
cording  to  claim  5,  further  comprising  a  third  piston  10 
urging  member  (50)  for  urging  the  third  piston  (46) 
in  a  closing  direction  of  the  valve  member  (16), 

wherein  when  no  working  medium  is  supplied 
to  the  third  working  chamber  (48)  but  the  working 
medium  is  supplied  to  the  first  working  chamber  15 
(32),  the  first  piston  (26)  slides  in  the  first  cylinder 
(24)  in  the  opening  direction  of  the  valve  member 
(16),  comes  into  contact  with  the  third  piston  (46)  at 
the  first  position,  slides  with  the  third  piston  (46)  to 
the  second  position  against  an  urging  force  of  the  20 
third  piston  urging  member  (50),  and  is  held  at  the 
second  position,  so  that  the  displacement  of  the  first 
piston  (26)  in  the  opening  direction  of  the  valve 
member  (1  6)  is  regulated  to  the  sum  of  the  first  and 
the  third  predetermined  extents  (I-,)  and  (l3).  25 

7.  The  multiple  step  valve  lift  control  system  according 
to  claim  1  ,  further  comprising  a  stopper  (38)  which 
is  positioned  near  an  end  of  the  second  cylinder  (28) 
in  the  opening  direction  of  the  valve  member  (16),  30 
is  axially  screwed  into  the  second  cylinder  (28),  and 
regulates  the  displacement  of  the  second  piston 
(30)  when  the  second  piston  (30)  slides  in  the  sec- 
ond  cylinder  (28)  in  the  opening  direction  of  the 
valve  member  (1  6)  and  comes  into  contact  with  the  35 
stopper  (38), 

wherein  the  displacement  of  the  second  pis- 
ton  (30)  is  adjustable  by  changing  the  position 
where  the  stopper  (38)  is  screwed  into  the  second 
cylinder  (28).  40 

8.  The  multiple  step  valve  opening  control  system  ac- 
cording  to  claim  1  ,  wherein  the  fluid  passage  (14) 
is  an  exhaust  gas  recirculation  passage  for  recircu- 
lating  some  of  the  exhaust  gases  to  an  intake  sys-  45 
tern  of  the  engine,  and  the  valve  member  (1  6)  is  an 
exhaust  gas  recirculation  control  valve  for  control- 
ling  the  flow  amount  of  exhaust  gases  recirculated 
to  the  intake  system. 

50 
9.  The  multiple  step  valve  opening  control  system  ac- 

cording  to  claim  1  ,  wherein: 

first  piston  (26)  is  displaced  by  the  third  prede- 
termined  extent  in  the  opening  direction  of  the 
valve  member  (16); 
when  the  engine  is  operated  in  a  second  oper- 
ating  state  where  the  engine  speed  is  above  the 
predetermined  speed  and  under  a  second  pre- 
determined  load  or  less,  the  working  medium  is 
supplied  to  both  the  first  intake/exhaust  port 
(36)  and  the  second  intake/exhaust  port  (52), 
the  first  piston  (26)  is  displaced  by  the  first  pre- 
determined  extent  (I-,)  in  the  opening  direction 
of  the  valve  member  (16),  and  the  second  pis- 
ton  (30)  is  displaced  by  the  second  predeter- 
mined  extent  (l2)  in  the  opening  direction  of  the 
valve  member  (16);  and 
when  the  engine  is  operated  in  a  third  operating 
state  which  consists  of  an  operating  state 
where  the  engine  speed  is  the  predetermined 
speed  or  less  and  under  a  load  above  the  first 
predetermined  load,  and  an  operating  state 
where  the  engine  speed  is  above  the  predeter- 
mined  speed  and  a  predetermined  high  speed 
or  less  which  is  higher  than  the  predetermined 
speed  and  under  a  load  above  the  second  pre- 
determined  load,  the  working  medium  is  sup- 
plied  to  the  second  intake/exhaust  port  (52), 
and  the  second  piston  (30)  is  displaced  by  the 
second  predetermined  extent  (l2)  in  the  open- 
ing  direction  of  the  valve  member  (16). 

10.  The  multiple  step  valve  opening  control  system  ac- 
cording  to  claim  9,  wherein  the  valve  member  (16) 
is  made  to  remain  closed  by  the  resilient  member 
(64),  when  the  engine  is  operated  in  operating 
states  other  than  the  first  to  the  third  operating 
states,  when  the  engine  is  abruptly  accelerated, 
and  when  a  temperature  of  engine  cooling  water  is 
a  predetermined  value  or  less. 

11.  The  multiple  step  valve  opening  control  system  ac- 
cording  to  claim  1,  wherein  the  working  medium 
supplied  to  the  fist  intake/exhaust  port  (36)  and  the 
second  intake/exhaust  port  (52)  is  a  compressed 
fluid,  and  the  first  intake/exhaust  port  (36)  and  the 
second  intake/exhaust  port  (52)  are  connected  to  a 
compressed  fluid  source  (82)  via  a  first  fluid  control 
valve  (80)  and  a  second  fluid  control  valve  (84),  re- 
spectively. 

12.  The  multiple  step  valve  opening  control  system  ac- 
cording  to  claim  1  ,  further  comprising  a  fourth  work- 
ing  chamber  (88)  formed  in  the  housing  (12)  at  a 
first  pressure  receiving  face  opposite  to  a  second 
pressure  receiving  face  of  the  second  piston  (30) 
which  confronts  with  the  second  working  chamber 
(40),  and  a  third  intake/exhaust  port  (92)  for  supply- 
ing  the  working  medium  to  the  fourth  working  cham- 
ber  (88). 

g  some  of  the  exhaust  gases  to  an  intake  sys-  45 
of  the  engine,  and  the  valve  member  (1  6)  is  an 
aust  gas  recirculation  control  valve  for  control- 
the  flow  amount  of  exhaust  gases  recirculated 
e  intake  system. 

50 
multiple  step  valve  opening  control  system  ac- 
ing  to  claim  1  ,  wherein: 

when  the  engine  is  operated  in  a  first  operating 
state  where  an  engine  speed  is  a  predeter-  55 
mined  speed  or  less  and  under  a  first  predeter- 
mined  load  or  less,  the  working  medium  is  sup- 
plied  to  the  first  intake/exhaust  port  (36)  and  the 
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13.  The  multiple  step  valve  opening  control  system  ac- 
cording  to  claim  12,  wherein  the  fluid  passage  (14) 
is  an  exhaust  gas  recirculation  passage  for  recircu- 
lating  some  of  the  exhaust  gases  to  an  intake  sys- 
tem  of  the  engine,  and  the  valve  member  (1  6)  is  an  s 
exhaust  gas  recirculation  control  valve  for  control- 
ling  a  flow  amount  of  exhaust  gases  recirculated  to 
the  intake  system. 

14.  The  multiple  step  valve  opening  control  system  ac-  10 
cording  to  claim  1  3,  wherein: 

when  the  engine  is  operated  in  a  first  operating 
state  where  an  engine  speed  is  a  predeter- 
mined  speed  or  less  and  under  a  first  predeter-  15 
mined  load  or  less,  the  working  medium  is  sup- 
plied  to  the  first  intake/exhaust  port  (36)  and  the 
first  piston  (26)  is  displaced  by  the  third  prede- 
termined  extent  in  the  opening  direction  of  the 
valve  member  (16);  20 
when  the  engine  is  operated  in  a  second  oper- 
ating  state  where  the  engine  speed  is  above  the 
predetermined  speed  and  under  a  second  pre- 
determined  load  or  less,  the  working  medium  is 
supplied  to  both  the  first  intake/exhaust  port  25 
(36)  and  the  second  intake/exhaust  port  (52), 
the  first  piston  (26)  is  displaced  by  the  first  pre- 
determined  extent  (I-,)  in  the  opening  direction 
of  the  valve  member  (16),  and  the  second  pis- 
ton  (30)  is  displaced  by  the  second  predeter-  30 
mined  extent  (l2)  in  the  opening  direction  of  the 
valve  member  (16);  and 
when  the  engine  is  operated  in  a  third  operating 
state  which  consists  of  an  operating  state 
where  the  engine  speed  is  the  predetermined  35 
speed  or  less  and  under  a  load  above  the  first 
predetermined  load,  and  an  operating  state 
where  the  engine  speed  is  above  the  predeter- 
mined  speed  and  a  predetermined  high  speed 
or  less  which  is  higher  than  the  predetermined  40 
speed  and  under  a  load  above  the  second  pre- 
determined  load,  the  working  medium  is  sup- 
plied  to  the  second  intake/exhaust  port  (52), 
and  the  second  piston  (30)  is  displaced  by  the 
second  predetermined  extent  (l2)  in  the  open-  45 
ing  direction  of  the  valve  member  (16). 

15.  The  multiple  step  valve  opening  control  system  ac- 
cording  to  claim  1  4,  wherein  the  valve  member  (16) 
is  made  to  remain  closed  by  the  resilient  member  so 
(64)  when  the  engine  is  operated  in  operating  states 
other  than  the  first  to  the  third  operating  states, 
when  the  engine  is  abruptly  accelerated,  and  when 
a  temperature  of  engine  cooling  water  is  a  prede- 
termined  value  or  less.  55 

16.  The  multiple  step  valve  opening  control  system  ac- 
cording  to  claim  1  5,  wherein  when  the  valve  mem- 

ber  (16)  changes  its  opened  state  to  a  closed  state, 
the  working  medium  is  supplied  to  the  third  intake/ 
exhaust  port  (92),  and  the  second  piston  (30)  is 
moved  in  the  closing  direction  of  the  valve  member 
(16). 

17.  The  multiple  step  valve  opening  control  system,  ac- 
cording  to  claim  12,  wherein  the  working  medium 
supplied  to  the  first  intake/exhaust  port  (36)  and  the 
second  intake/exhaust  port  (52)  is  a  compressed 
fluid,  and  the  first  intake/exhaust  port  (36)  and  the 
second  intake/exhaust  port  (52)  are  connected  to  a 
compressed  fluid  source  (82)  via  a  first  fluid  control 
valve  (80)  and  a  second  fluid  control  valve  (84),  re- 
spectively. 

18.  The  multiple  step  valve  opening  control  system  ac- 
cording  to  claim  17,  wherein  the  working  medium 
supplied  to  the  third  intake/exhaust  port  (92)  is  a 
compressed  fluid,  and  the  third  intake/exhaust  port 
(92)  communicates  with  the  compressed  fluid 
source  (82)  via  a  third  fluid  control  valve  (94). 

Patentanspriiche 

1.  Mehrschrittventiloffnungssteuersystem  mit: 

a)  einem  Ventilteil  (16),  welches  in  einem  Fliis- 
sigkeitsdurchgang  (14)  zwischengeschalter  ist, 
wobei  das  Ventilteil  (1  6)  durch  eine  Vielzahl  von 
Schritten  zum  Steuern  einer  FlieBmenge  einer 
Flussigke  it  geoffnet  wird; 

b)  einem  ersten  Kolben  (26),  welcher  gleitbar  in 
einen  ersten  Zylinder  (24)  eingepaBt  ist,  wel- 
cher  in  einem  Gehause  (12)  angeordnet  ist; 

c)  einem  zweiten  Zylinder  (28),  welcher  im  we- 
sentlichen  koaxial  gekoppelt  ist  oder  eine  Ein- 
heit  bildet  mit  dem  ersten  Kolben  (26)  ; 

d)  einem  zweiten  Kolben  (30),  welcher  gleitbar 
in  den  zweiten  Zylinder  (28)  eingepaBt  ist  und 
operativ  mit  dem  Ventilteil  (16)  gekoppelt  ist; 

e)  einem  elastischen  Teil  (64),  welches  mit  dem 
Ventilteil  (16)  gekoppelt  ist,  wobei  das  elasti- 
sche  Teil  (64)  das  Ventilteil  (16)  kontinuierlich 
in  eine  SchlieBrichtung  zwingt; 

f)  einer  ersten  Einlal3-/Auslal36ffnung  (36),  wel- 
che  in  dem  Gehause  (12)  geformt  ist,  wobei  die 
erste  Einlal3-/Auslal36ffnung  (36)  ein  Arbeits- 
medium  zu  einer  ersten  Arbeitskammer  (32) 
liefert,  welche  in  dem  ersten  Zylinder  (24)  be- 
grenzt  ist,  und  den  ersten  Kolben  (26)  iiber  den 
zweiten  Kolben  (30)  in  eine  Richtung  zum  Off- 
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nen  des  Ventilteils  (16)  verschiebt; 

g)  einer  zweiten  Einla(3-/Ausla(36ffnung  (52), 
welche  in  dem  Gehause  (12)  geformt  ist,  wobei 
die  zweite  Einla(3-/Ausla(36ffnung  (52)  das  Ar- 
beitsmedium  zu  einer  zweiten  Arbeitskammer 
(40)  lief  ert,  welche  in  dem  zweiten  Zylinder  (28) 
begrenzt  ist,  und  den  zweiten  Kolben  (30) 
durch  ein  zweites  vorbestimmtes  AusmaB  (l2) 
in  der  Richtung  zum  Offnen  des  Ventilteils  (16) 
verschiebt; 

und  gekennzeichnet  durch 
h)ein  erstes  kolbenhubregulierendes  Teil  (46,  44, 
50),  welches  in  dem  Gehause  (12)  untergebracht 
ist,  wobei  das  erste  kolbenhuhregulierende  Teil  (46, 
44,  50)  an  einer  ersten  Position  gehalten  wird,  zum 
Regulieren,  bis  zu  einem  ersten  vorbestimmten 
AusmaB  (I-,),  einer  erlaubbaren  Verschiebung  des 
ersten  Kolbens  (26)  in  die  Offnungsrichtung  des 
Ventilteils  (16),  wenn  das  Arbeitsmedium  zur  zwei- 
ten  Arbeitskammer  (40)  von  der  zweiten  EinlaB-/ 
AuslaBoffnung  (52)  geliefert  wird  und  wobei  das  er- 
ste  kolbenhubregulierende  Teil  (46,  44,  50)  an  einer 
zweiten  Position  gehalten  wird,  zum  Regulieren  der 
erlaubbaren  Verschiebung  des  ersten  Kolbens  in 
die  Offnungsrichtung  des  Ventilteils  bis  zu  dem  er- 
sten  vorbestimmten  AusmaB  (I-,)  mit  der  Addition  ei- 
nes  dritten  vorbestimmten  AusmaBes  (l3),  wenn 
kein  Arbeitsmedium.  zur  zweiten  Arbeitskammer 
(40)  von  der  zweiten  Einlal3-/Auslal36ffnung  (52) 
geliefert  wird,  aber  das  Arbeitsmedium  zur  ersten 
Arbeitskammer  (32)  von  der  ersten  EinlaB-/ 
AuslaBoffnung  (36)  geliefert  wird. 

2.  Mehrschrittventiloffnungssteuersystem  nach  An- 
spruch  1  ,  bei  dem  das  erste  kolbenhubregulierende 
Teil  einen  dritten  Kolben  (46)  miteinschlieBt,  wel- 
cher  in  einen  dritten  Zylinder  (28)  in  dem  Gehause 
(12)  eingepaBt  ist,  und  gleitbar  zwischen  der  ersten 
Position  und  der  zweiten  Position  ist,  auf  einer  au- 
Beren  Oberflache  des  zweiten  Zylinders  (28). 

3.  Mehrschrittventiloffnungssteuersystem  nach  An- 
spruch  1  ,  bei  dem  die  zweite  Einlal3-/Auslal36ffnung 
(52)  mit  einer  dritten  Arbeitskammer  (48)  in  dem 
dritten  Zylinder  (24)  Verbindung  hat,  und  der  zwei- 
ten  Arbeitskammer  (40). 

4.  Mehrschrittventiloffnungssteuersystem  nach  An- 
spruch  3,  bei  dem  das  Arbeitsmedium  zur  dritten 
Arbeitskammer  (48)  geliefert  wird,  der  dritte  Kolben 
(46)  an  der  ersten  Position  gehalten  wird,  und, 
wenn  das  Arbeitsmedium  zur  dritten  Arbeitskam- 
mer  (48)  und  der  ersten  Arbeitskammer  (32)  gelie- 
fert  wird,  der  erste  Kolben  (26)  im  ersten  Zylinder 
(24)  in  der  Offnungsrichtung  des  Ventilteils  (16) 
gleitet,  und  in  Kontakt  mit  kommt  und  gestoppt  wird 

durch  den  dritten  Kolben  (46),  welcher  bei  der  er- 
sten  Position  gehalten  wird,  so  dal3  die  Verschie- 
bung  des  ersten  Kolbens  (26)  zum  ersten  vorbe- 
stimmten  AusmaB  (I-,)  reguliert  wird. 

5 
5.  Mehrschrittventiloffnungssteuersystem  nach  An- 

spruch  4,  bei  welchem,  wenn  kein  Arbeitsmedium 
zur  dritten  Arbeitskammer  (48)  geliefert  wird,  der 
dritte  Kolben  (46)  zur  zweiten  Position  bewegbar 

10  ist,  welche  jenseits  der  ersten  Position  in  der  Off- 
nungsrichtung  des  Ventilteils  (16)  ist,  und,  wenn 
kein  Arbeitsmedium  zur  dritten  Arbeitskammer  (48) 
geliefert  wird,  aber  das  Arbeitsmedium  zur  ersten 
Arbeitskammer  (32)  geliefert  wird,  der  erste  Kolben 

is  (26)  im  ersten  Zylinder  (24)  zur  zweiten  Position  in 
der  Offnungsrichtung  des  Ventilteils  (16)  gleitet, 
und  in  Kontakt  mit  kommt  und  gehalten  wird  durch 
den  dritten  Kolben  (46),  so  dal3  die  Verschiebung 
des  ersten  Kolbens  (26)  in  der  Offnungsrichtung 

20  des  Ventilteils  (16)  zur  Summe  des  ersten  vorbe- 
stimmten  AusmaBes  (I-,)  und  des  dritten  vorbe- 
stimmten  AusmaBes  (l3)  reguliert  wird. 

6.  Mehrschrittventiloffnungssteuersystem  nach  An- 
25  spruch  5,  weiterhin  mit  einem  dritten  Kolbenzwing- 

teil  (50)  zum  Zwingen  des  dritten  Kolbens  (46)  in 
eine  SchlieBrichtung  des  Ventilteils  (16),  bei  wel- 
chem,  wenn  kein  Arbeitsmedium  zurdritten  Arbeits- 
kammer  (48)  geliefert  wird,  aber  das  Arbeitsmedi- 

30  urn  zur  ersten  Arbeitskammer  (32)  geliefert  wird, 
der  erste  Kolben  (26)  in  dem  erste  Zylinder  (24)  in 
der  Offnungsrichtung  des  Ventilteils  (16)  gleitet,  in 
Kontakt  mit  dem  dritten  Kolben  (46)  bei  der  ersten 
Position  kommt,  mit  dem  dritten  Kolben  (46)  zur 

35  zweiten  Position  gegen  eine  Zwingkraft  des  dritten 
Kolbenzwingteils  (50)  gleitet,  und  bei  der  zweiten 
Position  gehalten  wird,  so  dal3  die  Verschiebung 
des  ersten  Kolbens  (26)  in  der  Offnungsrichtung 
des  Ventilteils  (16)  zur  Summe  der  ersten  und  drit- 

40  ten  vorbestimmten  AusmaBe  (I-,)  und  (l3)  reguliert 
wird. 

7.  Mehrschrittventilhebesteuersystem  nach  Anspruch 
1,  weiterhin  mit  einem  Stopper  (38),  welcher  nahe 

45  einem  Ende  des  zweiten  Zylinders  (28)  in  der  Off- 
nungsrichtung  des  Ventilteils  (16)  positioniert  ist,  in 
den  zweiten  Zylinder  (28)  axial  geschraubt  ist,  und 
die  Verschiebung  des  zweiten  Kolbens  (30)  regu- 
liert,  wenn  der  zweite  Kolben  (30)  im  zweiten  Zylin- 

50  der  (28)  in  der  Offnungsrichtung  des  Ventilteils  (16) 
gleitet  und  in  Kontakt  mit  dem  Stopper  (38)  kommt, 
wobei  die  Verschiebung  des  zweiten  Kolbens  (30) 
einstellbar  durch  Verandern  der  Position  ist,  wo  der 
Stopper  (38)  in  den  zweiten  Zylinder  (28)  ge- 

55  schraubt  ist. 

8.  Mehrschrittventiloffnungssteuersystem  nach  An- 
spruch  1,  bei  welchem  der  Flussigkeitsdurchgang 
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(14)  ein  Auspuffgasrezirkulationsdurchgang  zum 
Rezirkulieren  einiger  der  Auspuffgase  zu  einem 
EinlaBsystem  des  Motors  ist,  und  das  Ventilteil  (16) 
ein  Auspuffgasrezirkulationssteuerventil  zum  Steu- 
ern  der  FlieBmenge  von  Auspuffgasen  ist,  welche  s 
zu  dem  EinlaBsystem  rezirkuliert  werden. 

9.  Mehrschrittventiloffnungssteuersystem  nach  An- 
spruch  1,  bei  welchem: 

10 
wenn  der  Motor  in  einem  ersten  Betriebszu- 
stand  betrieben  wird,  wo  eine  Motordrehzahl  ei- 
ne  vorbestimmte  Drehzahl  oder  eine  geringere 
ist  und  unter  einer  ersten  vorbestimmten  Last 
oder  einer  geringeren  ist,  das  Arbeitsmedium  15 
zur  ersten  Einlal3-/Auslal36ffnung  (36)  geliefert 
wird  und  der  erste  Kolben  (26)  durch  das  dritte 
vorbestimmte  AusmaB  in  der  Offnungsrichtung 
des  Ventilteils  (16)  verschoben  wird; 

20 
wenn  der  Motor  in  einem  zweiten  Betriebszu- 
stand  betrieben  wird,  wo  die  Motordrehzahl 
iiber  einer  vorbestimmten  Drehzahl  und  unter 
einer  zweiten  vorbestimmten  Last  oder  einer 
geringeren  ist,  das  Arbeitsmedium,  sowohl  zur  25 
ersten  Einlal3-/Auslal36ffnung  (36)  und  der 
zweiten  Einlal3-/Auslal36ffnung  (52)  geliefert 
wird,  der  erste  Kolben  (26)  durch  das  erste  vor- 
bestimmte  AusmaB  (I-,)  in  der  Offnungsrichtung 
des  Ventilteils  (16)  verschoben  wird,  und  der  30 
zweite  Kolben  (30)  durch  das  zweite  vorbe- 
stimmte  AusmaB  (l2)  in  der  Offnungsrichtung 
des  Ventilteils  (16)  verschoben  wird;  und 

wenn  der  Motor  in  einem  dritten  Betriebszu-  35 
stand  betrieben  wird,  der  aus  einem  Betriebs- 
zustand  besteht,  wo  die  Motordrehzahl  die  vor- 
bestimmte  Drehzahl  oder  eine  geringere  ist  und 
unter  einer  Last  iiber  einer  ersten  vorbestrmm- 
ten  Last,  und  einem  Betriebszustand,  wo  die  40 
Motordrehzahl  iiber  einer  vorbestimmten  Dreh- 
zahl  und  einer  vorbestimmten  hohen  Drehzahl 
oder  einer  geringeren  ist,  welche  hoher  ist  als 
die  vorbestimmte  Drehzahl  und  unter  einer  Last 
iiber  der  zweiten  vorbestimmten  Last,  das  Ar-  45 
beitsmedium  zur  zweiten  Einlal3-/Auslal36ff- 
nung  (52)  geliefert  wird,  und  der  zweite  Kolben 
(30)  durch  das  zweite  vorbestimmte  AusmaB 
(l2)  in  der  Offnungsrichtung  des  Ventilteils  (16) 
verschoben  wird.  so 

10.  Mehrschrittventiloffnungssteuersystem  nach  An- 
spruch  9,  bei  welchem  das  Ventilteil  (16)  veranlaBt 
wird,  durch  das  elastische  Teil  (64)  geschlossen  zu 
bleiben,  wenn  der  Motor  in  Betriebszustanden  be-  55 
trieben  wird,  welche  andere  sind  als  der  erste  oder 
der  dritte  Betriebszustand,  wenn  der  Motor  abrupt 
beschleunigt  wird,  und  wenn  eine  Temperatur  des 

Motorkiihlwassers  ein  vorbestimmter  Wert  oder  we- 
niger  ist. 

11.  Mehrschrittventiloffnungssteuersystem  nach  An- 
spruch  1  ,  bei  welchem  das  Arbeitsmedium,  welches 
zur  ersten  Einlal3-/Auslal36ffnug  (36)  und  zur  zwei- 
ten  Einlal3-/Auslal36ffnung  (52)  geliefert  wird,  eine 
zusammengepreBte  Fliissigkeit  ist,  und  die  erste 
Einlal3-/Auslal36ffnung  (36)  und  die  zweite  EinlaB-/ 
AuslaBoffnung  (52)  mit  einer  komprimierten  Fliis- 
sigkeitsquelle  (82)  iiber  ein  erstes  Fliissigkeitssteu- 
erventil  (80)  bzw.  ein  zweites  Fliissigkeitssteuer- 
ventil  (84)  verbunden  sind. 

12.  Mehrschrittventiloffnungssteuersystem  nach  An- 
spruch  1,  weiterhin  auch  mit  einer  vierten  Arbeits- 
kammer  (88),  welche  in  dem  Gehause  (12)  bei  einer 
ersten  Druckaufnahmeflache  gegeniiber  einer 
zweiten  Druckaufnahmeflache  des  zweiten  Kol- 
bens  (30)  geformt  ist,  welcher  mit  der  zweiten  Ar- 
beitskammer  (40)  gegeniibersteht,  und  einer  dritten 
Einlal3-/Auslal36ffnung  (92)  zum  Liefern  des  Ar- 
beitsmediums  zur  vierten  Arbeitskammer  (88). 

13.  Mehrschrittventiloffnungssteuersystem  nach  An- 
spruch  12,  bei  welchem  der  Flussigkeitsdurchgang 
(14)  ein  Abgasrezirkulationsdurchgang  zum  Rezir- 
kulieren  einiger  der  Abgase  zu  einem  EinlaBsystem 
des  Motors,  und  das  Ventilteil  (16)  ein  Abgasrezir- 
kulationssteuerventil  ist,  zum  Steuern  einer 
FluBmenge  von  Abgasen,  welche  zum  EinlaBsy- 
stem  rezirkuliert  sind. 

14.  Mehrschrittventiloffnungssteuersystem  nach  An- 
spruch  13,  bei  welchem: 

wenn  der  Motor  in  einem  ersten  Betriebszu- 
stand  betrieben  wird,  wo  eine  Motordrehzahl  ei- 
ne  vorbestimmte  Drehzahl  oder  eine  geringere 
ist  und  unter  einer  ersten  vorbestimmten  Last 
oder  einer  geringeren,  das  Arbeitsmedium  zum 
ersten  Einlal3-/Auslal3ausgang  (36)  geliefert 
wird  und  der  erste  Kolben  (26)  durch  das  dritte 
vorbestimmte  AusmaB  in  der  Offnungsrichtung 
des  Ventilteils  (16)  verschoben  wird; 

wenn  der  Motor  in  einem  zweiten  Betriebszu- 
stand  betrieben  wird,  wo  die  Motordrehzahl 
iiber  der  vorbestimmten  Drehzahl  und  unter  ei- 
ner  vorbestimmten  Last  oder  einer  geringeren 
ist,  das  Arbeitsmedium  sowohl  zum  ersten  Ein- 
Ial3-/Auslal3ausgang  (36)  und  zweiten  EinlaB-/ 
AuslaBausgang  (52)  geliefert  wird,  der  erste 
Kolben  (26)  durch  das  erste  vorbestimmte  Aus- 
mal3  (I-,  )  in  der  Offnungsrichtung  des  Ventilteils 
(16)  verschoben  wird,  und  der  zweite  Kolben 
(30)  durch  das  zweite  vorbestimmte  AusmaB 
(l2)  in  der  Offnungsrichtung  des  Ventilteils  (16) 
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verschoben  wird;  und 

wenn  der  Motor  in  einem  dritten  Betriebszu- 
stand  betrieben  wird,  welcher  aus  einem  Be- 
triebszustand  besteht,  wo  die  Motorgeschwin-  s 
digkeit  die  vorbestimmte  Geschwindigkeit  oder 
eine  geringere  ist  und  unter  einer  Last  iiber  der 
ersten  vorbestimmten  Last,  und  einem  Be- 
triebszustand,  wo  die  Motordrehzahl  iiber  der 
vorbestimmten  Drehzahl  ist  und  einer  vorbe-  10 
stinmmten  hohen  Drehzahl  oder  einer  geringe- 
ren,  welche  hoher  als  die  vorbestimmte  Dreh- 
zahl  ist  und  unter  einer  Last  iiber  der  zweiten 
vorbestimmten  Last,  das  Arbeitsmedium  zur 
zweiten  Einlal3-/Auslal36ffnung  (52)  geliefert  15 
wird  und  der  zweite  Kolben  (30)  durch  das 
zweite  vorbestimmte  AusmaB  (l2)  in  der  Off- 
nungsrichtung  des  Ventilteils  (16)  verschoben 
wird. 

20 
15.  Mehrschrittventiloffnungssteuersystem  nach  An- 

spruch  1  4,  bei  welchem  das  Ventilteil  (16)  veranlaBt 
wird,  durch  das  elastische  Teil  (64)  geschlossen  zu 
bleiben,  wenn  der  Motor  in  Betriebszustanden  be- 
trieben  wird,  die  andere  sind  als  der  erste  bis  dritte  25 
Betriebszustand,  wenn  der  Motor  abrupt  beschleu- 
nigtwird,  und  wenn  eine  Temperatur  des  Motorkiihl- 
wassers  ein  vorbestimmter  Wert  oder  ein  geringe- 
rer  ist. 

30 
16.  Mehrschrittventiloffnungssteuersystem  nach  An- 

spruch  14,  bei  welchem,  wenn  das  Ventilteil  (16) 
seinen  geoffneten  Zustand  zu  einem  geschlosse- 
nen  Zustand  andert,  das  Arbeitsmedium  zur  dritten 
EinlaBVAuslasoffnung  (92)  geliefert  wird,  und  der  35 
zweite  Kolben  (30)  in  der  SchlieBrichtung  des  Ven- 
tilteils  (16)  bewegt  wird. 

17.  Mehrschrittventiloffnungssteuersystem  nach  An- 
spruch  1  2,  bei  welchem  das  zur  ersten  Einlal3-/Aus-  40 
laBoffnung  (36)  und  zweiten  Einlal3-/Auslal36ffnung 
(52)  gelieferte  Arbeitsmedium  einen  zusammenge- 
preBte  Fliissigkeit  ist,  und  die  erste  EinlaB-/ 
AuslaBoffnung  (36)  und  die  zweite  Einlal3-/Auslal3- 
offnung  (52)  mit  einer  komprimierten  Fliissigkeits-  45 
quelle  (82)  iiber  ein  erstes  Fliissigkeitssteuerventil 
(80)  bzw.  ein  zweites  Fliissigkeitssteuerventil  (84) 
verbunden  sind. 

18.  Mehrschrittventiloffnungssteuersystem  nach  An-  so 
spruch  17,  bei  welchem  das  zur  dritten  Einlal3-/Aus- 
laBoffnung  (92)  gelieferte  Arbeitsmedium  eine  kom- 
primierte  Fliissigkeit  ist  und  die  dritte  Einlal3-/Aus- 
laBoffnung  (92)  mit  der  komprimierten  Fliissigkeits- 
quelle  (82)  iiber  ein  drittes  Kliissigkeitssteuerventil  55 
(94)  in  Verbindung  steht. 

Revendications 

1.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  comprenant  : 

(a)  un  element  de  valve  (16)  interpose  dans  un 
passage  de  fluide  (14),  I'element  de  valve  (16) 
etant  ouvert  par  une  pluralite  de  pas  afin  de 
commander  un  ecoulement  quantitatif  d'un 
fluide  ; 

(b)  un  premier  piston  (26)  monte  en  coulisse- 
ment  dans  un  premier  cylindre  (24)  dispose 
dans  un  boTtier  (12); 

(c)  un  second  cylindre  (28)  accouple  au  premier 
piston  ou  formant  partie  integrante  de  celui-ci 
(26)  de  maniere  sensiblement  coaxiale  ; 

(d)  un  second  piston  (38)  monte  en  coulisse- 
ment  dans  le  second  cylindre  (28)  et  fonction- 
nellement  accouple  a  I'element  de  valve  (16); 

(e)  un  element  elastique  (64)  accouple  a  I'ele- 
ment  de  valve  (16),  ledit  element  elastique  (64) 
sollicitant  continuellement  I'element  de  valve 
(16)  dans  une  direction  de  fermeture  ; 

(f)  un  premier  orifice  d'admission/echappement 
(36)  forme  dans  le  boTtier  (1  2),  I'orifice  d'admis- 
sion/echappement  (36)  fournissant  un  fluide  de 
travail  a  une  premiere  chambre  de  travail  (32) 
definie  dans  le  premier  cylindre  (24),  et  depla- 
cant  le  premier  piston  (26)  via  le  second  piston 
(30)  dans  une  direction  pour  ouvrir  I'element  de 
valve  (16); 

(g)  un  second  orifice  d'admission/echappe- 
ment  (52)  forme  dans  le  boTtier  (12),  le  second 
orifice  d'admission/echappement  (52)  fournis- 
sant  le  fluide  de  travail  a  une  seconde  chambre 
de  travail  (40)  definie  dans  le  second  cylindre 
(28),  et  deplacant  le  second  piston  (30)  d'une 
seconde  distance  predeterminee  (12)  dans  la 
direction  pour  ouvrir  I'element  de  valve  (16);  et 
caracterise  par  : 

(h)  un  premier  element  de  regulation  de  course 
de  piston  (46,  44,  50)  abrite  dans  le  boTtier  (12), 
le  premier  element  de  regulation  de  course  de 
piston  (46,  44,  50)  etant  tenu  a  une  premiere 
position  afin  de  reguler,  dans  une  premiere  dis- 
tance  predeterminee  (€1  ),  un  deplacement  per- 
missible  du  premier  piston  (26)  dans  la  direc- 
tion  d'ouverture  de  I'element  de  valve  (16)  lors- 
que  le  fluide  de  travail  est  fourni  a  la  seconde 
chambre  de  travail  (40)  depuis  le  second  orifice 
d'admission/echappement  (52),  et  le  premier 
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element  de  regulation  de  course  de  piston  (46, 
44,  50)  etant  tenu  a  une  seconde  position  afin 
de  reguler  le  deplacement  permissible  du  pre- 
mier  piston  dans  la  direction  d'ouverture  de 
I'element  de  valve  a  la  premiere  distance  pre- 
determinee  (€1)  avec  addition  d'une  troisieme 
distance  predeterminee  (€3),  lorsqu'aucun  flui- 
de  de  travail  n'est  fourni  a  la  seconde  chambre 
de  travail  (40)  depuis  le  second  orifice  d'admis- 
sion/echappement  (52),  mais  que  le  fluide  de 
travail  est  fourni  a  la  premiere  chambre  de  tra- 
vail  (32)  depuis  le  premier  orifice  d'admission/ 
echappement  (36). 

2.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  selon  la  revendication  1  ,  dans 
lequel  le  premier  element  de  regulation  de  course 
de  piston  inclut  un  troisieme  piston  (46)  qui  est  loge 
dans  un  troisieme  cylindre  (28)  dans  le  boTtier  (12), 
et  qui  est  susceptible  de  coulisser  entre  la  premiere 
position  et  la  seconde  position,  sur  une  surface  ex- 
terieure  du  second  cylindre  (28). 

3.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  selon  la  revendication  1  ,  dans 
lequel  le  second  orifice  d'admission/echappement 
(52)  communique  avec  une  troisieme  chambre  de 
travail  (48)  dans  le  troisieme  cylindre  (24),  et  avec 
la  seconde  chambre  de  travail  (40). 

4.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  selon  la  revendication  3,  dans 
lequel  lorsque  le  fluide  de  travail  est  fourni  a  la  troi- 
sieme  chambre  de  travail  (48),  le  troisieme  piston 
(46)  est  tenu  a  la  premiere  position,  et  lorsque  le 
fluide  de  travail  est  fourni  a  la  troisieme  chambre  de 
travail  (48)  et  a  la  premiere  chambre  de  travail  (32), 
le  premier  piston  (26)  coulisse  dans  le  premier  cy- 
lindre  (24)  dans  la  direction  d'ouverture  de  I'element 
de  valve  (16),  et  vient  en  contact  avec  le  troisieme 
piston  (46),  en  etant  arrete  parcelui-ci,  ledit  troisie- 
me  piston  etant  tenu  a  la  premiere  position,  de  sorte 
que  le  deplacement  du  premier  piston  (26)  est  re- 
gule  a  la  premiere  distance  predeterminee  (€1). 

5.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  selon  la  revendication  4,  dans 
lequel  lorsqu'aucun  fluide  de  travail  n'est  fourni  a  la 
troisieme  chambre  de  travail  (48),  le  troisieme  pis- 
ton  (46)  est  susceptible  d'etre  deplace  jusqu'a  la  se- 
conde  position  qui  se  trouve  au-dela  de  la  premiere 
position  dans  la  direction  d'ouverture  de  I'element 
de  valve  (16),  et  lorsqu'aucun  fluide  de  travail  n'est 
fourni  a  la  troisieme  chambre  de  travail  (48)  mais 
que  le  fluide  de  travail  est  fourni  a  la  premiere  cham- 
bre  de  travail  (32),  le  premier  piston  (26)  coulisse 
dans  le  premier  cylindre  (24)  jusqu'a  la  seconde  po- 
sition  dans  la  direction  d'ouverture  de  I'element  de 

valve  (16),  et  vient  en  contact  avec  le  troisieme  pis- 
ton  (46)  en  etant  tenu  par  celui-ci,  de  sorte  que  le 
deplacement  du  premier  piston  (26)  dans  la  direc- 
tion  d'ouverture  de  I'element  de  valve  (16)  est  regu- 

5  le  a  la  somme  de  la  premiere  distance  predetermi- 
nee  (€1)  et  de  la  troisieme  distance  predeterminee 
(€3). 

6.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
10  ve  par  pas  multiples,  selon  la  revendication  5,  com- 

prenant  en  outre  un  troisieme  element  de  sollicita- 
tion  de  piston  (50)  pour  solliciter  le  troisieme  piston 
(46)  dans  une  direction  de  fermeture  de  I'element 
de  valve  (16),  dans  lequel  lorsqu'aucun  fluide  de 

is  travail  n'est  fourni  a  la  troisieme  chambre  de  travail 
(48)  mais  que  le  fluide  de  travail  est  fourni  a  la  pre- 
miere  chambre  de  travail  (32),  le  premier  piston  (26) 
coulisse  dans  le  premier  cylindre  (24)  dans  la  direc- 
tion  d'ouverture  de  I'element  de  valve  (1  6),  vient  en 

20  contact  avec  troisieme  piston  (46)  a  la  premiere  po- 
sition,  coulisse  avec  le  troisieme  piston  (46)  jusqu'a 
la  seconde  position  a  I'encontre  d'une  force  de  sol- 
licitation  du  troisieme  element  de  sollicitation  de  pis- 
ton  (50),  et  est  tenu  a  la  seconde  position,  de  sorte 

25  que  le  deplacement  du  premier  piston  (26)  dans  la 
direction  d'ouverture  de  I'element  de  valve  (16)  est 
regule  a  la  somme  de  la  premiere  et  de  la  troisieme 
distance  predeterminee  (€1)  et  (€3). 

30  7.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  selon  la  revendication  1  ,  com- 
prenant  en  outre  un  arret  (38)  qui  est  positionne  a 
proximite  d'une  extremite  du  second  cylindre  (28) 
dans  la  direction  d'ouverture  de  I'element  de  valve 

35  (1  6),  qui  est  visse  axialement  dans  le  second  cylin- 
dre  (28),  et  qui  regule  le  deplacement  du  second 
piston  (30)  lorsque  le  second  piston  (30)  coulisse 
dans  le  second  cylindre  (28)  dans  la  direction 
d'ouverture  de  I'element  de  valve  (16)  et  vient  en 

40  contact  avec  I'arret  (38)  ; 
dans  lequel  le  deplacement  du  second  piston  (38) 
est  reglable  en  changeant  la  position  a  laquelle  I'ar- 
ret  (38)  est  visse  dans  le  second  cylindre  (28). 

45  8.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  selon  la  revendication  1  ,  dans 
lequel  le  passage  de  fluide  (14)  est  un  passage  de 
recirculation  de  gaz  d'echappement  destine  a  la  re- 
circulation  d'une  partie  des  gaz  d'echappement 

so  vers  un  systeme  d'admission  du  moteur,  et  I'ele- 
ment  de  valve  (16)  est  une  valve  de  commande  de 
recirculation  de  gaz  d'echappement  destinee  a 
commander  I'ecoulement  quantitatif  des  gaz 
d'echappement  recycles  vers  le  systeme  d'admis- 

55  sion. 

9.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  selon  la  revendication  1  ,  dans 

16 
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lequel  : 

lorsque  le  moteur  fonctionne  dans  un  premier 
etat  de  fonctionnement  tandis  qu'une  vitesse 
de  moteur  est  une  vitesse  predeterminee  ou  s 
moins,  et  qu'il  se  trouve  sous  une  premiere 
charge  predeterminee  ou  moins,  le  fluide  de 
travail  est  fourni  au  premier  orifice  d'admission/ 
echappement  (36)  et  le  premier  piston  (26)  est 
deplace  de  la  troisieme  distance  predetermi-  10 
nee  dans  la  direction  d'ouverture  de  I'element 
de  valve  (16); 
lorsque  le  moteur  fonctionne  dans  un  second 
etat  de  fonctionnement  tandis  que  la  vitesse 
moteur  est  superieure  a  la  vitesse  predetermi-  15 
nee  et  qu'il  se  trouve  sous  une  seconde  charge 
predeterminee  ou  moins,  le  fluide  de  travail  est 
fourni  a  la  fois  au  premier  orifice  d'admission/ 
echappement  (36)  et  au  second  orifice  d'ad- 
mission/  echappement  (52),  le  premier  piston  20 
(26)  est  deplace  de  la  premiere  distance  pre- 
determinee  (€1)  dans  la  direction  d'ouverture 
de  I'element  de  valve  (16),  et  le  second  piston 
(30)  est  deplace  de  la  seconde  distance  prede- 
terminee  (€2)  dans  la  direction  d'ouverture  de  25 
I'element  de  valve  (16);  et 
lorsque  le  moteur  fonctionne  dans  un  troisieme 
etat  de  fonctionnement  qui  consiste  en  un  etat 
de  fonctionnement  dans  lequel  la  vitesse  mo- 
teur  est  la  vitesse  predeterminee  ou  moins,  et  30 
qu'il  se  trouve  sous  une  charge  au-dessus  de 
la  premiere  charge  predeterminee,  et  en  un  etat 
de  fonctionnement  dans  lequel  la  vitesse  mo- 
teur  est  superieure  a  la  vitesse  predeterminee 
et  egale  a  une  haute  vitesse  predeterminee  ou  35 
moins,  laquelle  est  superieure  a  la  vitesse  pre- 
determinee,  et  qu'il  se  trouve  a  une  charge  su- 
perieure  a  la  seconde  charge  predeterminee, 
le  fluide  de  travail  est  fourni  au  second  orifice 
d'admission/echappement  (52),  et  le  second  40 
piston  (30)  est  deplace  de  la  seconde  distance 
predeterminee  (€2)  dans  la  direction  d'ouvertu- 
re  de  I'element  de  valve  (16). 

10.  Systeme  de  commande  pour  I'ouverture  d'une  val-  45 
ve  par  pas  multiples,  selon  la  revendication  9,  dans 
lequel  I'element  de  valve  (16)  est  amene  a  rester 
ferme  a  I'aide  de  I'element  elastique  (64),  lorsque 
le  moteur  fonctionne  dans  des  etats  de  fonctionne- 
ment  autres  que  le  premier,  le  second  et  le  troisieme  so 
etat  de  fonctionnement,  lorsque  le  moteur  est  acce- 
lere  de  facon  abrupte,  et  lorsqu'une  temperature  de 
I'eau  de  refroidissement  du  moteur  est  egale  ou  in- 
ferieure  a  une  valeur  predeterminee. 

55 
11.  Systeme  de  commande  pour  I'ouverture  d'une  val- 

ve  par  pas  multiples,  selon  la  revendication  1  ,  dans 
lequel  le  fluide  de  travail  fourni  au  premier  orifice 

d'admission/echappement  (36)  et  au  second  orifice 
d'admission/echappement  (52)  est  un  fluide  corn- 
prime,  et  le  premier  orifice  d'admission/echappe- 
ment  (36)  et  le  second  orifice  d'admission/echap- 
pement  (52)  sont  connectes  a  une  source  de  fluide 
comprime  (82)  via  une  premiere  valve  de  comman- 
de  de  fluide  (80)  et  via  une  seconde  valve  de  com- 
mande  de  fluide  (84),  respectivement. 

12.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  selon  la  revendication  1  ,  com- 
prenant  en  outre  une  quatrieme  chambre  de  travail 
(88)  formee  dans  le  boTtier  (1  2)  au  niveau  d'une  pre- 
miere  face  de  reception  de  pression  opposee  a  a 
une  seconde  face  de  reception  de  pression  du  se- 
cond  piston  (30)  qui  fait  face  a  la  seconde  chambre 
de  travail  (40),  et  un  troisieme  orifice  d'admission/ 
echappement  (92)  pour  fournir  le  fluide  de  travail  a 
la  quatrieme  chambre  de  travail  (88). 

13.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  selon  la  revendication  12, 
dans  lequel  le  passage  de  fluide  (14)  est  un  passa- 
ge  de  recirculation  de  gaz  d'echappement  pour  faire 
recirculer  une  partie  des  gaz  d'echappement  vers 
un  systeme  d'admission  du  moteur,  et  I'element  de 
valve  (16)  est  une  valve  de  commande  de  recircu- 
lation  de  gaz  d'echappement  destinee  a  comman- 
der  un  ecoulement  quantitatif  de  gaz  d'echappe- 
ment  recycles  vers  le  systeme  d'admission. 

14.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  selon  la  revendication  13, 
dans  lequel  : 

lorsque  le  moteur  fonctionne  dans  un  premier 
etat  de  fonctionnement  dans  lequel  une  vitesse 
moteur  est  egale  a  une  vitesse  predeterminee 
ou  moins  et  qu'il  se  trouve  sous  une  premiere 
charge  predeterminee  ou  moins,  le  fluide  de 
travail  est  fourni  au  premier  orifice  d'admission/ 
echappement  (36)  et  le  premier  piston  (26)  est 
deplace  de  la  troisieme  distance  predetermi- 
nee  dans  la  direction  d'ouverture  de  I'element 
de  valve  (16); 

lorsque  le  moteur  fonctionne  dans  un  second 
etat  de  fonctionnement  dans  lequel  la  vitesse 
moteur  est  superieure  a  la  vitesse  predetermi- 
nee,  et  qu'il  se  trouve  sous  une  seconde  charge 
predeterminee  ou  moins,  le  fluide  de  travail  est 
fourni  a  la  fois  au  premier  orifice  d'admission/ 
echappement  (36)  et  au  second  orifice  d'ad- 
mission/  echappement  (52),  le  premier  piston 
(26)  est  deplace  sur  la  premiere  distance  pre- 
determinee  (€1)  dans  la  direction  d'ouverture 
de  I'element  de  valve  (16),  et  le  second  piston 
(16)  est  deplace  sur  la  seconde  distance  pre- 

17 
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determinee  (€2)  dans  la  direction  d'ouverture 
de  I'element  de  valve  (16);  et 

echappement  (92)  communique  avec  la  source  de 
fluide  comprime  (82)  via  une  troisieme  valve  de 
commande  de  fluide  (94). 

lorsque  le  moteur  fonctionne  dans  un  troisieme 
etat  de  fonctionnement  qui  consiste  en  un  etat  s 
de  fonctionnement  dans  lequel  la  vitesse  mo- 
teur  est  egale  a  la  vitesse  predeterminee  ou 
moins,  et  qu'il  se  trouve  sous  une  charge  supe- 
rieure  a  la  premiere  charge  predeterminee,  et 
en  un  etat  de  fonctionnement  dans  lequel  la  vi-  10 
tesse  moteur  est  superieure  a  la  vitesse  prede- 
terminee  et  egale  a  une  haute  vitesse  prede- 
terminee  ou  moins,  laquelle  est  superieure  a  la 
vitesse  predeterminee,  et  qu'il  se  trouve  sous 
une  charge  superieure  a  la  seconde  charge  15 
predeterminee,  le  fluide  de  travail  est  fourni  au 
second  orifice  d'admission/  echappement  (52), 
et  le  second  piston  (30)  est  deplace  sur  la  se- 
conde  distance  predeterminee  (€2)  dans  la  di- 
rection  d'ouverture  de  I'element  de  valve  (16).  20 

15.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  selon  la  revendication  14, 
dans  lequel  I'element  de  valve  (1  6)  est  amene  a  res- 
ter  f  erme  a  I'aide  de  I'element  elastique  (64)  lorsque  25 
le  moteur  fonctionne  dans  des  etats  de  fonctionne- 
ment  autres  que  le  premier,  le  second  et  le  troisieme 
etat  de  fonctionnement,  lorsque  le  moteur  est  acce- 
lere  de  maniere  abrupte,  et  lorsqu'une  temperature 
de  I'eau  de  refroidissement  du  moteur  est  egale  a  30 
une  valeur  predeterminee  ou  moins. 

16.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  selon  la  revendication  15, 
dans  lequel  lorsque  I'element  de  valve  (1  6)  change  35 
sa  situation  ouverte  vers  une  situation  fermee,  le 
fluide  de  travail  est  fourni  au  troisieme  orifice  d'ad- 
mission/echappement  (92),  etle  second  piston  (30) 
est  deplace  dans  la  direction  de  fermeture  de  I'ele- 
ment  de  valve  (16).  40 

17.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  selon  la  revendication  12, 
dans  lequel  le  fluide  de  travail  fourni  au  premier  ori- 
fice  d'admission/echappement  (36)  et  au  second  45 
orifice  d'admission/echappement  (52)  est  un  fluide 
comprime,  et  le  premier  orifice  d'admission/echap- 
pement  (36)  et  le  second  orifice  d'admission/echap- 
pement  (52)  sont  connectes  a  une  source  de  fluide 
comprime  (82)  via  une  premiere  valve  de  comman-  so 
de  de  fluide  (80)  et  et  une  seconde  valve  de  com- 
mande  de  fluide  (84),  respectivement. 

18.  Systeme  de  commande  pour  I'ouverture  d'une  val- 
ve  par  pas  multiples,  selon  la  revendication  17,  55 
dans  lequel  le  fluide  de  travail  fourni  au  troisieme 
orifice  d'admission/echappement  (92)  est  un  fluide 
comprime,  et  le  troisieme  orifice  d'admission/ 
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